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BORIC ACID: ITS DETECTION AND DETERMINATION IN 
LARGE OR SMALL AMOUNTS. 
By WILSON H. Low. 
Received April 18, 1906. 

MANy good articles have been published on the detection and 
determination of boric acid, but they are rather fragmentary in 
character, and while helping in one direction, have left much to 
be desired in another. Most processes are tedious of execution 
and do not give evidence that all the boric acid will be obtained. 

I have discovered two points in regard to the detection and 
determination of boric acid, which I believe are new. 

One of these is that in the qualitative test it is not necessary 
to dry the turmeric paper at the temperature of the water-bath, 
but that the test carried on at the ordinary temperature in the 
air or vacuum desiccator, or even at 40-50° in a desiccator, is 
exceedingly delicate and allows the detection of boric acid in the 
presence of large amounts of other salts and in the presence of 
such interfering agents as nitrates and phosphates, when it would 
be entirely overlooked by the ordinary methods. 

I do not know the limit of the qualitative test, but such small 
quantities of boric acid as 0.000001 gram in I cc. Or 0.0000001 
gram in 0.10 cc. are easily recognized, and these same quantities 
would undoubtedly be recognized by the evaporation of larger 
quantities of the solvent. 

The other point applies to the quantitative determination. It 
is very difficult to distil off all the boric acid from an aqueous 
solution, by passing the vapor of methyl alcohol through it. As 
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long as any quantity of water remains it will retain boric acid, 
but it has been found that, by adding some substance to unite 
with the water, it is possible to distil off the total boric acid easily 
and with no tedious evaporation to dryness, with the attendant 
bumping and danger of breakage. Such a substance is the dry, 
granulated, chemically pure calcium chloride. 

The methods described below have been in use about three 
years, and a great many experiments have been made to test the 
various points brought out. Further experiments will bring out 
other points of value, but the methods are in good shape and if 
followed as directed, will give the desired result. The methods 
will first be given as they are expected to be carried out, and 
further on will be given the experiments, or some of them, on 
which the processes stand. The action of indicators in the 
presence of boric acid and in the presence of methyl] alcohol will 
also be given. 

Wherever methyl alcohol is mentioned, the laboratory refined 
Columbian or Colonial spirits of commerce is meant. In the 
refined state, as it is purchased, it contains boric acid and this has 
to be removed and the alcohol tested to make sure it is entirely 
free from it. 


QUALITATIVE TEST. 


The test is given as applied to meat products, but obviously 
it may be applied to anything where the boric acid can be ob- 
tained in a soluble form. Ten grams of the hashed meat are 
placed in a metal dish (the cover of a three-pound lard pail is as 
good as anything, if well cleaned) and moistened with 5 cc. of a 
N/2 solution of sodium carbonate or its equivalent. Place on 
the steam-bath or in an oven till about dry. Drying may be done 
nicely on a small electric stove. Ignite the dry mass, over a 
burner that heats the whole bottom of the dish evenly. Do not 
use a high heat. Thoroughly carbonize the ash, but do not bother 
to burn off much of it. Burning off is dangerous, as boron com- 
pounds may be volatilized when ignited in the presence of carbon. 
Direct experiments have shown this. The carbonized ash is 
placed in a mortar (a glass mortar is best) and ground up some- 
what and then about to ce. of water containing 1 cc. of strong 
hydrochloric acid added and triturated with it. Filter off through 
a small filter (a small Witt’s plate is best, as it retains very little 
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liquid) into a flat platinum or glass dish. A Petri dish 7-10 cm. 
in diameter is good. 

About 1 ce. or less of the solution is taken and placed in a 
watch-glass and evaporated on the steam-bath with a piece of 
turmeric paper. If boric acid is present in the food product as a 
preservative, and there are no interfering agents, such as nitre, 
present, then a test for boric acid will be obtained here. This 
does not mean that if a test is obtained here the food product 
necessarily contained boric acid added for preserving purposes, 
but merely that the test is delicate enough to detect any possible 
amount of boric acid that would be added intentionally. The 
main lot of solution is placed in a shallow dish with a piece of 
turmeric paper, and then placed in a desiccator till perfectly dry. 
A vacuum drying oven is best, as the drying is rapid. I use a 
vacuum drying oven and can control the heat, using generally 
40-50° and about 700mm. vacuum. The smallest traces of boric 
acid will show up in this test. It is more delicate, if anything, 
if the drying is done in an ordinary desiccator, but the time of 
drying is very long. Tests that fail utterly on the steam-bath 
will show up strongly under these conditions. Nothing which 
I have tried, such as nitre, salt, sulphates or even phosphoric 
acid, has interfered with the test. Nitre will destroy the test 
carried on on the steam-bath and many other salts will seriously 
interfere. Make sure the turmeric papér is perfectly dry, for 
incrusting salts often give the appearance of dryness while the 
underlying paper is still moist. Food products should not be 
condemned because a strong test is obtained by operating in this 
manner. Added boric acid is easily detected by moistening the 
turmeric paper with the solution and drying on the steam-bath. 
If nitre is present, it can be gotten rid of (for the steam-bath test) 
by igniting with sufficient organic matter or, better, by distilling 
off the boric acid with methyl alcohol and testing the distillate. 
In testing qualitatively, the best result seems to be given with a 
solution containing at least one-tenth its volume of free strong 
hydrochloric acid, if the test is made on the steam-bath. For the 
test at ordinary temperature or at 40-50° a slight excess of acid 
is all that is needed, though greater excess does no harm. For 
the delicate test I should advise against the use of the trade mark 
glasses, as they are borosilicates and I have some indications 
that they will give up boric acid. 
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In the following tests the final volume before evaporation was 
2 cc. unless otherwise stated. The turmeric paper was about 
50Xg9 mm. and the ordinary paper supplied by chemical dealers. 
A steam-bath was used with the first twenty tests. 

The last test repeated on the steam-bath will bleach the paper 
owing to the formation of chlorine compounds. 

Many other tests have been tried and nothing found to inter- 
fere with the test made by drying in the vacuum desiccator or 
oven. 

There appears to be no loss of boric acid in concentrating a 
large volume of solution in the vacuum, and the test is just as 
strong as where only 1 cc. is used. 0.00001 gram of boric acid is 
equivalent to o.ooo1 per cent. when 10 grams of material are 
operated on, and this quantity is infinitesimal for a preservative. 
As far as that is concerned, the simplest kind of a test, carried 
out in the roughest manner, is amply delicate to detect any boric 
acid added for preserving purposes. The exception to be noted 
is where there is a nitrate present. 

QUANTITATIVE TEST. 

Reagents.—Methyl alcohol free from boric acid; methyl orange 
indicator; p-nitrophenol indicator; phenolphthalein indicator; 
hydrochloric acid free from boric acid; calcium chloride, granu- 
lated, chemically pure; standard solution of sodium hydroxide, 
as free as possible from carbonate; standard solution of sulphuric 
acid, as free as possible from carbonate; whether these solutions 
are normal or of other strength depends on what quantity of 
boric acid is being dealt with. Both normal and tenth-normal 
are useful. 

Standard Solutions.—The standard solutions of acid and alkali 
are made up in this laboratory from distilled water which has 
been distilled from a block-tin (solid) still and condenser and 
subsequently boiled hard for about twenty minutes in another 
block-tin vessel furnished with a connection to a large soda-lime 
column. After boiling, the vessel is furnished with a tin con- 
densing pipe inside to cool the water rapidly. All air entering 
the vessel has to come through the soda-lime column, and the 
water keeps free from carbonic acid. While roo ce. of the ordinary 
distilled water will take about 15 drops of N/1o sodium hydroxide 
solution to give a permanent coloration with phenolphthalein, 
the boiled water allows the permanent coloration to show up 
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strongly with one drop, and this is almost sufficient for a litre 
of the boiled water. Incidentally, I will remark that sodium 
thiosulphate solutions made up with this water will keep their 
correct strength almost indefinitely and deposit no sulphur. 

Preparation of the Methyl Alcohol.—‘‘Columbian”’ or ‘‘Colonial 
Spirits” are introduced into a still of some kind and made strongly 
alkaline with some very concentrated caustic soda or potash. 
If a glass vessel is used, it must be furnished with a capillary 
boiling tube, and the size of this tube adapted to the size of the 
flask, ete.’ Distil off the alcohol carefully and run a blank 
through the apparatus (putting alkali in the boiling flask) and 
see if there is any titratable amount of boric acid given off. If 
not, the alcohol is all right. Where the alcohol is to be used to 
collect the boric acid for a subsequent qualitative test, it must 
be purified till too ce. of distillate give no test for boric acid 
qualitatively. 


Effect of Methyl Alcohol on p-Nitrophenol and on Phenol- 


phthalein.—The alcohol recently distilled from an excess of alkali 
is meant in all cases. 100 cc. of the alcohol were taken and one 
drop of the nitrophenol indicator added. The color was yellow. 
N/to sulphuric acid was run in till the solution was colorless. 
0.90 ce. was used. One drop of N/1 sodium hydroxide brought 
back the yellow very strong. Experiment repeated except N/1 
sulphuric acid was used. Result the same, two drops =o. 10 ce. 
being used. This relationship between one drop of nitrophenol 
and methyl alcohol holds roughly for various dilutions and a 
delicate method of testing for acidity in methyl alcohol might be 
arranged from this fact. In our case all we wanted was to make 
sure that we could titrate the mineral acid in the methyl alcohol 
distillate fairly close, and this is demonstrated. 

Phenolphthalein is of little use in titrating acidity in methyl 
alcohol. Great dilution is necessary before the indications are 
good. But after the alcohol is made neutral or slightly alkaline 
(after previously being acid) to nitrophenol then phenolphthalein 
may be depended on to indicate pretty closely the end-point for 
a boric acid titration. 

Indicators.—Phenolphthalein is made up by dissolving 5 grams 
in 500 cc. of ethyl alcohol and making up to 1 liter. Use about 
I ce. in tests. 


* See Heyward Scudder: This Journal, 25, 163. 
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p-Nitrophenol.—This indicator was ordered as _nitrosophenol 
and came marked as nitrosophenol, but as it fails to give Lieber- 
mann’s reaction for nitroso compounds and has a melting-point 
of about 113° it must be simply p-nitrophenol and not the nitroso- 
compound. 

Make up by dissolving 1 gram in 75 cc. of neutral ethyl alcohol 
and add 25 cc. of water. Use 1 drop to roo cc. of the solution 
to be titrated. As this indicator is, perhaps, not well-known I 
will give its properties as | have found them. My attention was 
first called to this indicator by an article by L. Spiegel in the 
J. Chem. Ind. 19, 1049 (1900). He recommends it to replace 
methyl orange. I can corroborate his statements and also those 
he makes in the same journal 23, 682, where he takes issue with 
Lunge on its being able to replace methyl orange for many titra- 
tions. This indicator is about as sensitive as phenolphthalein. 
Colorless with mineral acids and intensely yellow with caustic or 
carbonated alkalies. With bicarbonates the yellow shade is 
niuch weaker, but still bicarbonates can be titrated, if care is used. 
In boric acid titrations, avoid carbonates as much as possible. 
If 100 ce. of water is made just alkaline to nitrophenol, on adding 
glycerol the solution becomes colorless when boric acid is present, 
though boric acid gives no indication in aqueous solution, unless 
it is a strong solution, in which case even methyl orange will react 
acid. No distinct end-point can be obtained with nitrophenol 
in the presence of glycerol and boric acid. As the boric acid 
comes nearer to NaBO, the color of the solution becomes more 
intensely yellow, and this acts as a guide to the phenolphthalein 
end-point. 

Methyl Orange.—One gram dissolved to 1 liter in water. It 
may be used in place of nitrophenol in aqueous solution, but not in 
methyl alcohol. It has the advantage over nitrophenol of being 
less sensitive to carbonic acid (though it is by no means entirely 
indifferent to this acid) and also less sensitive to boric acid in a 
strong aqueous solution. Its disadvantages are that it is not 
nearly as sensitive as nitrophenol and the end-reactions run 
through several shades of color, and it cannot be used in methyl 
alcohol with any accuracy. I seldom use it for boric acid titra- 
tions. 

We have found that methyl orange and nitrophenol give the 
same end-points in titrating sodium hydroxide or ammonia. 
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Remember always that the color is much weaker in the presence 
of bicarbonates. 

In the absence of interfering agents and complete absence of 
carbonic acid, phenolphthalein, methyl orange and nitrophenol 
in aqueous solution will give identical end-points. 


QUANTITATIVE TEST. 


The limit of the test, as here arranged, is 1 drop or 0.05 cc. of 
N/to sodium hydroxide solution. This corresponds to 0.00031 
gram of boric acid or 0.00062 per cent. or about 0.10 ounce per 
100 pounds of the food product, a quantity absurdly small for any 
preservative effect. 

The sample of meat or other food product is ground up or 
hashed and 50 grams of the well-mixed sample taken and placed 
in a clean cover of a three-pound lard pail, or other similar dish. 
Spread the meat in a layer over the dish and moisten with 25 cc. 
of N/1 sodium carbonate solution or equivalent, and dry ou the 
steam-bath, oven or electric stove. It is a great advantage to 
dry before igniting, as by so doing the meat does not swell up, 
and burns off much easier. The quantity of sodium carbonate 
directed to be added is more than sufficient to retain 1 per cent. 
of boric acid, and this is more than would be used. 25 cc. of N/2 
sodium carbonate are generally sufficient and makes the burning 
to carbonaceous ash quicker. Ignite gently, heating the whole 
bottom of the dish, if possible, to a carbonaceous ash free from 
brown products soluble in water. Do not burn off all the carbon. 
Allow to cool and with a spatula scrape out the ash into a smooth 
mortar (a glass mortar is best). Grind up fairly fine and transfer 
from the mortar to the distillation flask. This is easily done as 
the smooth mortar allows the ash to slide out completely. Put 
about 1o cc. of water into the dish from which the ash was scraped, 
add 1 cc. of strong hydrochloric acid and allow to act about 
thirty seconds (we want to avoid dissolving the iron to any ex- 
tent) and then pour into the distillation flask. This will suffi- 
ciently wash out the dish, and there would be no particular loss 
if this step was left out. About 3 to 5 cc. of strong hydrochloric 
acid are added to the distillation flask and the ash allowed to soak 
in the liquid for a few minutes to dissolve as much as possible, 
the object being to get all the boric acid in solution. Ten to 15 
grams of dry, granulated, chemically pure calcium chloride are 
now added and allowed to dissolve as much as will in a few minutes” 
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shaking. Connect up the flask in its place in the distillation 
system and pass methyl alcohol vapor through. Usually no 
attempt is made to heat this flask except by the methyl alcohol 
vapor itself, but there is no harm is so doing after 50 to 100 ce. 
of the alcohol have condensed in it. When about too cc. of dis- 
tillate has been obtained, it is drawn off and tested. The dis- 
tillation is allowed to go on without interruption and each roo cc. 
or less are drawn off and tested till no more boric acid is found. 
When the last distillate gives a test requiring only 1 drop of N/1o 
sodium hydroxide solution the process is generally assumed 
finished, as without great care the blank test on the glycerol alone 
or in the presence of salts will vary a drop. If necessary, the 
determination can be made absolutely to within 1 drop of N/1o 
sodium hydroxide. 

Each distillate is tested as follows: It is drawn off into a flask 
similar to the distillation flask (a round-bottomed flask holding up 
to the neck about 275 cc.) and 1 drop of nitrophenol indicator 
solution added. N/1 sodium hydroxide solution is dropped in 
till the yellow color of the indicator is seen. Practically all the 
mineral acid that has distilled over is now neutralized. Experi- 
ment shows that very little mineral acid does distil over, even 
with a large excess in the distillation flask, unless the contents 
of the distillation flask are concentrated. Now add about 1 ce. 
of the phenolphthalein indicator and run in N/1 sodium hydroxide 
solution till the pink color is seen. As soon as you are sure the 
coloration is reddish or pink, that will do without making it 
strong. The difference between the end-points with nitrophenol 
and phenolphthalein will be a close measure of the boric acid 
present, as the methyl alcohol takes the part of glycerol and 
would probably be just as good as the latter but for its peculiar 
effect on some indicators. After finding how many cubic centi- 
meters correspond to the boric acid, add twice as much more 
alkali; that is, if the difference in end-points between nitrophenol 
and phenolphthalein was 1o ce. then add 20 cc. more of the alkali. 
This is to insure enough alkali to combine with the boric acid to 
form Na,BO,, which is certainly enough to prevent loss of boric 
acid on evaporating off the methyl alcohol. In all probability, 
this is more than enough. The compound or mixture of boric 
acid and alkali that is stable in boiling methyl alcohol is stated 
by E. Polenske! to have the composition 5Na,O.4B,O, and this is 
tJ. Chem, Ind., 20, 273 (1901). 
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apparently a mixture of NaBO, and Na,O. Now put a capillary 
boiling tube into the flask and evaporate off the methyl alcohol 
on the steam-bath. When the alcohol has evaporated, dissolve 
the residue in about 25 ce. of water, and run in N/1 sulphuric 
acid till the solution is colorless. If a large quantity of N/1 
sodium hydroxide solution has been used, necessitating a large 
quantity of acid, it is better to drop in strong hydrochloric acid 
till the solution is colorless, thus keeping the bulk down. Next, 
holding the neck of the flask with a clamp, put the flask into the 
steam-bath for a few minutes, take out and quickly connect with 
the suction pump (a large-sized Chapman is very good). The 
flask will be rapidly exhausted and the solution will boil vigorously 
and all carbon dioxide will be expelled. The evaporation cools 
the contents of the flask rapidly and, if there is any doubt that all 
carbon dioxide has been expelled, the heating and boiling may be 
repeated, as there is no fear of losing boric acid, except mechani- 
cally. Note that the solution should be colorless when hot as 
well as when cold; if not, add more acid and heat again. Some- 
times the yellow color of the nitrophenol is seen in the hot liquid, 
due to the decomposition of the bicarbonates and showing: that 
not enough acid has been added. The phenolphthalein indicator 
will often separate out as an insoluble white precipitate as the 
solution cools. This is of no particular consequence as it clears 
up again later, and experiments seem to indicate that 1 cc. of this 
indicator solution is better to use than a smaller quantity. The 
solution is now cold and free from carbon dioxide. Break the 
vacuum and run in N/1 sodium hydroxide solution till the last 
drop turns the nitrophenol indicator yellow. Now run back to 
acid reaction with 1 drop of N/1 sulphuric acid, arid then run to 
just alkaline reaction with N/1o sodium hydroxide. In some 
cases in running to alkaline reaction with N/10 sodium hydroxide 
solution, the yellow color is very faint (due to large amounts of 
salts present or possibly to carbon dioxide not previously ex- 
pelled), but usually it is well marked. At any rate run to the 
first point that you are sure is yellowish. Now take 4o cc. of 
strong glycerol in the 50 cc. graduated cylinder and pour it into 
the flask, rotating the latter to mix the contents. About 35 cc. 
of glycerol will flow out with moderate draining. The titration 
with N/1o or N/1 sodium hydroxide solution (depending on how 
large a quantity of boric acid is present, and the titration in methyl 
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alcohol has indicated this) is proceeded with till the last drop 
gives a decided color change to a reddish or pinkish shade. It is 
not necessary to run to a decided pink color as one drop of N/1o 
sodium hydroxide solution in excess makes a decided change from 
the strong yellow of the nitrophenol to a color with a reddish tint 
due to phenolphthalein. The progress of the titration is well seen in 
the change of depth of color due to nitrophenol. As the end- 
point is approached, the yellow color grows very intense. The 
difference between the end-point to nitrophenol and phenol- 
phthalein multiplied by 0.0062024 gives the grams of boric acid, if 
N/to alkali has been used in the titration. Each 100 cc. of 
distillate, or whatever quantity is drawn off each time, is tested 
in this way. A blank had best be run by taking 10 ce. of N/1 
sodium hydroxide solution, adding a slight excess of N/1 sulphuric 
acid and about 1o cc. of water and boiling under vacuum as in the 
test, and then bringing to just alkaline reaction to nitrophenol 
with N/1o sodium hydroxide solution, adding the same amount 
of glycerol and titrating to the end-point with phenolphthalein 
indicator. 

There need be no mistaking the end-points, and test experiments 
have shown that nitrophenol gives the same end-point as methyl 
orange (first noticeable change), and is greatly to be preferred, 
as there is no change through several shades to the end, as there 
is with methyl orange. However, methyl orange may be 
used with equal accuracy, paying due attention to running to 
the same shade of end-point each time. An exception must be 
made to the last statement in regard to the preliminary titration 
of the boric acid when in methyl alcohol solution. Methyl orange 
here is of no value. If for any reason it is found necessary to use 
more than 10 ce. of water and 5 cc. of hydrochloric acid in the 
distillation flask, it will be necessary to increase the amount of 
calcium chloride to take care of the additional water. Use about 
two-thirds of a gram of calcium chloride to 1 cc. of the aqueous 
solution in the distillation flask. The idea is to have all the boric 
acid in solution as then it is quickly volatilized. The arrange- 
ment of the apparatus will be seen from the sketch. 
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Fig. I 


A, distillation flask. Capacity about 275 cc. Rests in asbestos cloth on 

retort stand ring. 

splash trap, about 5 cm. in diameter. From top of flask to top of 

bend is about 12 cm. 

vapor tube. Internal diameter about 4 mm. and at end inside the 

flask 2's mm. this tube must not have too small an opening in the 
flask on account of danger of becoming clogged. 

D, flask made from an 800 cc. Jena glass Kjeldahl digestion flask, cut off 
as shown. The methyl alcohol is boiled in this flask. It is fur- 
nished with the absolutely necessary boiling tube E. 

E, boiling tube about 16 cm. long with a capillary bore. About 1 cm. 
from the end in the alcohol it is sealed. Without this tube the alco- 
hol on boiling bumps fearfully and would endanger the apparatus 
and operator. With this tube the boiling is easy, uniform and with- 
out danger. It is necessary toshake out the alcohol from the capil- 
lary and put it back into the alcohol, each time the solution is 
started boiling. 

F, bend and rubber tube connecting the boiling flask with the small 
safety U-tube. 

G, U-tube of small size containing a little mercury in the bend. This 
acts as a safety-valve in case the apparatus gets clogged, and pre- 
vents the blowing out of the stopper from the boiling flask. A long 
tube leads from the U-tube to carry off the alcohol vapor should it 
blow out. The rubber tube should slope towards the boiling flask. 

H is a splash trap the same as B, except that the tube leads from it at 
right angles. It is connected with C, by a sliding piece of rubber 
tubing. 

I is the condenser about 38 cm. long between the dotted lines and about 
50 cm. over all. 

J isthe collecting flask. Mine is made by blowing out the bottom of a 

200 cc. Erlenmeyer flask and drawing down toa tube. It is fur- 

vished with a rubber tube and pinch-cock at the bottom. 


w 
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K is the absorption tube with the water seal, to prevent loss of methyl 
borate. At the end of each too cc. of distillate, the contents of this 
tube are run into the distillate taken off. K’—rubber connection. 





Fig. 2. 


Flask connected to vacuum pump VV’ are T tubes and rubber tubing with 
screw pinch-cocks. The vacuum should always be broken by opening cock 
V, to prevent any possible return of condensed water. 


The following results are from an actual test: Fifty grams of 
meat taken +25 cc. N/2 sodium carbonate solution. 

First distillate, about roo cc. After making alkaline to nitro- 
phenol, took about 5.90 cc. N/1 sodium hydroxide to phenol- 
phthalein end-point. Enough to make in all 17.7 cc. of the N/1 
sodium hydroxide were added. After evaporating off the alcohol 
and getting the residue in proper solution, the titration for boric 
acid took 4 ce. of N/1 sodium hydroxide + 21.7 ce. N/1o sodium 
hydroxide, equivalent to 61.70 cc. N/1o solution in all. Deduct 
0.25 cc. for the glycerol blank leaves 61.45 cc. as due to the boric 
acid in the first 100 ce. of distillate. 

The boiling and distillation flasks are set on asbestos cloth and 
held in retort rings and clamps. 

The apparatus works perfectly and I cannot say too much about 
the absolute necessity of the boiling tube at every stage where 
methyl alcohol is boiled in glass. In a metal dish it will boil 
without bumping, but not in glass. The boiling flask has some 
phenolphthalein added to it and enough concentrated sodium 
hydroxide (practically carbonate-free) to keep it permanently 
red. This insures no boric acid in the vapor. 

All stoppers are of cork. 
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Second distillate, about 100 cc., took 6 cc. N/1o sodium hy- 
droxide for the boric acid. This minus 0.25 for the glycerol 
blank leaves 5.75 cc. for the boric acid. The preliminary titra- 
tion in methyl alcohol solution had indicated about 5.50 cc. 

Third distillate, about 100 cc., took 0.57 cc. N/1o sodium 
hydroxide and this minus 0.25 cc. for the glycerol blank leaves 
0.32 cc. for the boric acid. 

Fourth distillate, about 50 cc., took 0.25 cc. N/1o sodium 
hydroxide, and this is the quantity taken by the glycerol alone, 
so all the boric acid has been obtained. 

Total N/1o sodium hydroxide used for boric acid =67.52 cc. 
and this multiplied by 0.0062=0.4168 gram =o.837 per cent. on 
the meat taken. 

This is a large quantity to be present under the circumstances 
and was more than I expected. Had it not been for the pre- 
liminary titration in methyl alcohol solution, enough alkali to 
retain the boric acid might not have been added and loss would 
have occurred while evaporating off the methyl alcohol. Had 
more calcium chloride been added at the start the first two dis- 
tillates would probably have contained all the boric acid. 

Action of Boric Acid on Some Indicators.—In all the following 
experiments, unless otherwise stated, the water used was free 
from carbon dioxide. 

A solution of more than 2 grams of boric acid in 100 ce. will 
react acid to methyl orange and also to nitrophenol, more so to the 
latter than the former. Direct experiments have shown, how- 
ever, that nitrophenol gives perfectly accurate results in boric 
acid titration, if carried out as directed. It is a great advantage 
to expel all carbon dioxide, and this applies to methyl orange as 
well. 

Loss of Boric Acid on Ignition with Organic Matter.—On igniting 
boric acid and meat, strongly, to burn off as much carbon as 
possible, greenish flames were seen and the ash when tested gave a 
very slight qualitative test for boric acid, while there had been 
enough originally present to give a strong test. 

Numerous experiments have been made to test the process at 
every essential point. Instead of giving the experiments in detail 
it will, perhaps, be sufficient to give in direct statements the re- 
sults. 
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(1) A solution containing a small amount of boric acid may be 
concentrated from 100 cc. to 10 cc. without fear of a titratable 
amount of boric acid being lost. 

(2) Boiling a dilute solution of boric acid to free it from carbon 
dioxide occasions no loss, unless the boiling is prolonged. 

(3) All carbon dioxide is expelled from distilled water by heating 
to boiling and then applying vacuum for a few minutes till the 
solution is almost cold. 

(4) Starting with a mixture in the distillation flask of 25 ce. 
of water and 25 cc. of methyl alcohol and passing methyl alcohol 
vapor through the mixture, while keeping the latter approximately 
at the same volume, it took fifty-five minutes and over 400 cc.: of 
distillate before the temperature of the vapor leaving the dis- 
tillation flask was anywhere near the boiling-point of methyl 
alcohol, showing the difficulty of driving off the water. 

(5) Ten ee. of boric acid solution containing 0.3125 gram and 
40 cc. methyl alcohol were distilled with methyl alcohol vapor. 
Seven successive distillates failed to get over all the boric acid. 

(6) Where a water trap was not used the boric acid recovered 
was, in a certain case, equivalent to 4.90 cc. N/1 sodium hy- 
droxide. Where a water trap was used 5.05 cc. N/1 sodium 
hydroxide were required. Theory called for 5.04 cc. 

(7) By distilling a mixture of 1 volume of aqueous solution of 
boric acid with 10 volumes of methyl alcohol, till only 3 ce. of the 
mixture were left, about four-fifths of the boric acid were found 
in the distillate and one-fifth left in the flask. 

(8) It was found that if calcium chloride was added to the 
distillation flask in the proportion of about 0.5 gram for each 
cubic centimeter of solution, all the boric acid came over quickly 
and completely. Using two-thirds of a gram of calcium chloride 
is better yet, unless some conditions make it impracticable to use 
this amount. 

NOTES. 


Make sure the methyl alcohol and calcium chloride used give no 
distillate containing a titratable quantity of boric acid. This 
may be insured by placing the calcium chloride in a separate 
flask, connecting with the distillation apparatus, acidifying with 
several drops of hydrochloric acid and passing methyl alcohol 
vapor through till the distillate gives no titration for boric acid. 
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This solution of calcium chloride is then added to the test instead 
of the solid salt. Nickel dishes or deep crucibles are very good 
for evaporating off alkaline solutions of methyl alcohol, con- 
taining boric acid. No boiling tube is required. While our 
method of freeing the solution from carbon dioxide, by boiling 
under a vacuum after heating on the steam-bath, appears all that 
could be desired, it is not suitable for freeing a solution of calcium 
bicarbonate from excess of carbon dioxide. Actual boiling under 
atmospheric pressure is required in this case as direct experi- 
ments have shown. 

Sometimes iron appears to distil over with the methyl alcohol, 
when the contents of the distillation flask are strongly acid. 
This causes the end-point with nitrophenol to be somewhat 
obscure, as the solution will take on a reddish tinge before the 
strong yellow due to excess of alkali. It makes the solution 
look as if the phenolphthalein end-point was about to be reached, 
before the nitrophenol end-point had been seen. This has only 
occurred a few times and did little harm. This was noticed so 
recently, that I have not proved it to be caused by iron, but it 
appears to be iron. 

In conclusion, I would like to draw attention to the very wide 
distribution of boric acid. It occurs in almost everything we 
meet in the food line, and caution should be used in reporting 
food as containing boric acid as a preservative without a quantita- 
tive determination. Ten grams of food product are quickly burned 
to ash and 50 to 100 ce. of methyl alcohol distilled from this ash 
will contain most of the boric acid, or even all, unless it is present 
in some quantity. Now 1 dropof N/1o sodium hydroxide on this 
quantity will equal 0.0031 per cent. of boric acid, much too small 
a quantity to have been added for preserving purposes, and yet 
large enough to have given a strong qualitative test. 

Boric acid occurs naturally in apples and probably in other 
fruits and vegetables. It is present in almost all common salt 
and some kinds contain relatively considerable amounts of it. 

Below will be given some results on salts used in packing-house 
products. The results are rather under than over the truth, as 
some of the tests were made without all the necessary refinements 
of the process as it now stands. 
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Boric acid. Grains per 

Designation of the salt. Per cent. pound avoir. 
Kansas No; 2 rock :Salts.cccisscesicxece 0.005000 0.35 
Foreign: sea! Salt: ...sisc.ss<ccssccussvscsrs 0.010900 0.76 
Foreign: sea Salt)... .sccicscacssscexesees 0.006448 0.45 
CHGgnInG: GARB. o3 5 ccasvcsetescocysedeees 0.000992 0.07 
REX Caste Salbisc vies soaciieadeancecee 0.000620 0.0435 
Kansas fine: salt: sc. sicccccccscessxseccess 0.000620 0.0435 
Kansas rock salt No. 2...... sedated 0.001240 0.0870 
Lowisiana-rock Salt: .cscccssccieccseecs 0.000992 0.06944 


There is not a salt here but what would give a good qualitative 
test by the delicate method indicated in this paper, and some 
of them would show up under the less refined test of the steam- 
bath. 


THE CUDAHY PACKING Co., 
SOUTH OMAHA, NEB. 
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AVAILABILITY OF PHOSPHORIC ACID OF THE SOIL.' 
By G. S. FRAPS. 
Received May 4, 1906. 

THE availability of the constituents of a soil depends upon 
several factors. The chemical compounds which are capable of 
being absorbed by plants and are exposed to the action of the 
plant roots may be termed chemically available. The compounds 
enclosed in the soil grains, or otherwise protected from soil moisture 
or the action of plant roots, may be called physically unavailable. 
During the growing season of the plant, chemically or physically 
unavailable food is converted into chemically available forms. 
This may be termed weathering availability. Further, different 
plants have different powers of utilizing the plant food presented 
to them; this may be termed a physiological availability. All 
these factors are worthy of consideration in soil problems. Chemi- 
cally available plant food has been given the greatest attention, 
but for success in solving the problems of the soil all factors must 
be considered and valued. 

In seeking a method for the determination of chemically avail- 
able phosphoric acid, several factors again must be considered : 
first, the solubility of the soil phosphates in the solvent; second, 
the solubility of other soil constituents; third, fixation by the 
soil; and fourth, availability of the chemically available plant 
food. 

' Read at the New Orleans meeting of the American Chemical Society. 
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Solubility of Phosphatic Munerals.—Phosphates of calcium, 
aluminum, and iron, the latter more or less basic, and the mineral 
apatite, are perhaps the most common phosphates in the soil, 
though vivianite, phosphorite, and, less often, phosphatic minerals, 
such as dufrenite, wavellite, triplite, and others may be present. 
These phosphates differ in the readiness with which they yield their 
phosphoric acid to plant roots, and, if possible, the solvent used for 
determining chemically available phosphoric acid should make 
some difference between them. 

Dr. F. W. Clarke, Chief Chemist of the Geological Survey, con- 
siders that apatite makes up 99 per cent. of ‘he phosphoric acid 
of igneous rocks. Vivianite is quite common in secondary clays 
as a mineral. Of course, in the soil, other secondary minerals 
are quite likely to occur, particularly in soils in which a portion 
of the phosphates have passed through plants. 

The author determined the solubility of some mineral and 
precipitated phosphates in a few solvents, under the conditions 
of soil analysis. The method used was as follows: 

The amount of material containing 0.2 gram phosphoric acid 
(equivalent to 100 grams soil containing 0.2 per cent. phosphoric 
acid) was brought in contact with 1000 ce. solvent, and main- 
tained at 40° for five hours. It was then filtered, and phosphoric 
acid determined in roo ce. of the filtrate by the volumetric method. 
The results are presented in Table I. 

TABLE I.— PERCENTAGE OF PHOSPHORIC ACID PRESENTED DISSOLVED BY 
DIFFERENT SOLVENTS. 
1 Per cent. 


. N/200 HCl. N/50 HCl N/5 HCl. N/5SHNO3. citric acid. 
Aluminum phosphate pre- 


CIPLC, 6 scsceceensi assess 46.25 100 100 100 100 
Calcium phosphate precipi- 

NNO cok cane ac seus euesesic 100 100 100 100 100 
Ferric phosphate precipi- 

RAST Goon sss cn secceseesaccoucs 8.5 16.0 100 100 100 
Phosphorite (Ca)............+ 48.3 85 100 100 71 
WAVEUIte (AL)... 5.05. <ccsscoees 1.8 3.6 5.6 3.6 2.2 
WAVIANILS CHE) .ccsvovcesessees 28.0 36.0 100 97.8 94.8 
Triplite (Fe, Mn) .......:.:.. 16.8 41.2 98.8 99.5 25 
Dutrenite ((Fe)).......5.<.050. 0.8 2.0 4.0 tS 2.0 
ANaUte NCA) |...0<sas.cosesss000 15.8 47.0 100 100 25.5 


Fifth-normal hydrochloric and nitric acids dissolve completely 
the precipitated phosphates of aluminum, calcium, and iron, 
and phosphorite, triplite, vivianite, and apatite. Wavellite and 
dufrenite are attacked only slightly. 
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One per cent. citric acid entirely dissolves the precipitated 
phosphates; it has only one-fourth the power of the mineral 
acids for apatite and triplite. It dissolves less vivianite and 
much less phosphorite than the mineral acids. 

The high solubility of vivianite and triplite in the weak solvents 
is striking. According to these experiments, fifth-normal hydro- 
chloric or nitric acid should dissolve from a soil containing 0.2 
per cent. phosphoric acid, all the phosphorite, apatite, vivianite, 
triplite, and precipitated phosphates of calcium, aluminum and 
iron, with which the solvent comes in direct contact. These 
compounds are undoubtedly of different value to plants, but these 
acids make no distinction between them. 

Fiftieth-normal hydrochloric acid has a greater solvent power 
than 1 per cent. citric acid for phosphorite, triplite and apatite, 
but not for vivianite or ferric phosphate. N/200 hydrochloric 
acid, as was to be expected, has the lowest solvent power. 

As soils contain much less than 0.2 per cent. phosphoric acid 
soluble in N/5 mineral acids, and since decreasing the amount of 
phosphoric acid presented to the solvent should increase the 
percentage dissolved, the soil phosphates may have a higher 
solubility in N/50 and N/200 acid, or citric acid, than is indicated 
by the work just given. On the other hand, in these experiments 
the minerals were presented in fine powder, and all sides came 
in contact with the solvent. In a soil, part of the phosphatic 
material may be in the soil particles, so that only one side is ex- 
posed to the solvent. 

Solubility of Other Soil Constituents.—The plant food in the soil 
is in part protected from plant roots and soil moisture by surround- 
ing material, such as hydrated oxide of iron, carbonate of lime, 
mica, feldspar, etc. If any of these are dissolved, physically un- 
available plant food is exposed to the solvent, and dissolves to a 
greater or less extent. It is impossible to select a solvent which 
does not have some action of this kind, and all practicable solvents 
dissolve the carbonates of lime and magnesia if present. For 
this reason the direct comparison of calcareous and siliceous 
soils does not appear allowable. If, for example, a calcareous 
and a siliceous soil expose the same amount of phosphoric acid to 
plant roots, on treatment with acid the calcareous soil would give 
up more phosphoric acid, as the carbonates, on dissolving, would 
expose an additional quantity of phosphates to the action of the 
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solvent. The soil with the larger quantity of material soluble 
in the solvent used, would show a larger quantity of chemically 
available phosphoric acid than it really contains. 

It might be necessary to divide soils into different classes, 
according to the amount of material soluble in the solvent 
used for determining available plant food. 

The different amounts of phosphoric acid dissolved from the 
same soil by different solvents, must be due, in pat at least, to 
their different powers of dissolving the silicates, oxide of iron, or 
other soil constituents which protect the phosphates. 

Fixation by Soil Constituents.—If a solvent loses phospkoric 
acid to the soil, it is evident that it cannot be considered as re- 
liable for determining the chemically available plant food. With 
such a solvent the solution obtained does not represent the 
solubility of the soil constituents, but contains the quantity dis- 
solved less the quantity fixed. This consideration eliminates 
certain solvents, such as water, carbonated water, and acetic acid. 

With water the phosphoric acid in solution represents a con- 
dition of equilibrium between the solubility of the soil phosphates 
and the fixing power of the soil. For example, the author’ 
brought eight soils in contact with water and with a solution of 
potassium phosphate containing 4 parts of phosphoric anhydride 
per million. At the end of twenty-four hours, 3.1 and 2.5 parts 
per million, respectively, were present. Thus nearly the same 
result is obtained whether we start with water, or a solution of 
potassium phosphate. F. H. King? observed a great absorption 
in three minutes. 

The aqueous soil extract does not represent the solubility of 
the soil phosphates in water; neither does it represent the strength 
of solution with which the roots come in contact. The solvent 
power of the water near the roots is increased by the carbon 
dioxide they excrete, and dissolved food may be taken up by the 
plant without ever coming in contact with fixing soil particles, 
and thereby having its strength reduced. 

Carbonated water, according to P. Wagner,* loses phosphoric 
acid rapidly to carbonate of lime and hydrated ferric oxide, and a 
soil extract with carbonated water lost phosphoric acid in contact 
with the soil. 


1 Bulletin 82, page 16, Texas Experiment Station (1906). 
* Investigations on Soil Management, p. 159. 
3 J. Landw., 1871, 89. 
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Dilute acetic acid, according to Wagner and Gerlach,’ behaves 
similarly to carbonated water. 

Citric acid.—With 2 per cent. citric acid, Konig? recovered 73 
to 84 per cent. of the phosphoric acid fixed by four soils. He 
also added different amounts of water-soluble phosphoric acid to 
soil and recovered all of it with the citric acid. 

Experiments with Nitric Acid.—Solutions of N/50 nitric acid 
containing 0.2 gram phosphoric acid per liter were brought in 
contact with a number of materials, five hours at 40°. No 
absorption occurred with prehenite, siderite, hematite, or 
limonite. With o.5 gram precipitated aluminum hydroxide per 
liter, 12.5 per cent. of the phosphoric acid was absorbed, and with 
ferric hydroxide, 25.5 per cent. Fixation during the treatment 
of a soil with this solvent thus appears possible; and still more 
probable with N/200 acid. 

Availability of Phosphoric Acid in the Soil.—The most soluble 
phosphates placed in the soil are never completely removed by a 
single crop, so we cannot expect the natural phosphates of lime, 
ete., in the soil to have a high availability or approach 100 per 
cent. In other words, the chemically available phosphoric acid 
should be considerably more than is taken up by a single crop. 

The writer made experiments on four soils of similar character, 
to determine the availability of chemically available phosphoric 
acid, assuming that the plant takes all its phosphoric acid from 
compounds soluble in N/5 nitric acid. These results are only 
comparative. In determining the availability of phosphatic 
fertilizers, the quantity of phosphoric acid recovered is not taken 
as the availability of the material, but is compared with one of the 
fertilizers taken as a standard. ‘The same should hold good in the 
determination of the availability of the phosphoric acid in the soil, 
though a standard is difficult to decide upon.  Tricalcium 
phosphate in pure sand might be used. 

The experiments were carried out as follows: 

Twelve and one-half pounds of each soil were placed in galvan- 
ized iron pots, which had previously received a layer of gravel. 
Each pot received 2 grams sodium nitrate, 5 grams calcium 
carbonate, and, after the plants had made some growth, 1 gram 
ammonium nitrate. In addition, one pot received 1.5 grams 
potassium sulphate containing 0.82 gram K,O, a second 2.5 grams 


1 Landw. Verss., 1905, 371. 
* Ibid., 46, 201 (1896). 
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acid phosphate, containing 0.35 gram available phosphoric acid, 
and a third both potassium sulphate and phosphoric acid. Twelve 
cowpeas weighing 2.00 grams were planted in each pot on May 
31st, came up June 2nd, and grew until August 4th, when the ex- 
periment was discontinued on account of red spiders. All leaves 
that fell off were saved. The pots were watered two or three 
times a week, weighing them from time to time to maintain an 
equal water content between the pots (40 to 80 per cent. of their 
water capacity). 

At the end of the period, analysis was made of the plant, roots 
and seed, and phosphoric acid determined in the soil by N/5 
nitric acid. The results are summarized in Table II. 


TABLE II.—AVAILABILITY OF PHOSPHORIC ACID. 














Soil 174. Soil 176. Soil 178. Soil 180. 
Gram. Gram. Gram. Gram. 
Phosphoric acid in plant........ 0.0440 0.0302 0.0439 0.0340 
Phosphoric acid in seed. ....... 0.0198 0.0198 0.0198 0.0198 
PPICTOUCE sods isisbcvasnasescacesseews 0.0242 0.0104 0.0241 0.0142 
RP OOUS .ocsc5 ses susencesasesvessussese 0.0220 0.0136 0.0047 0.0060 
otal Fit SOU ve.cscsesccessessteus 0.0462 0.0240 0.0288 0.0202 
Per cent. Per cent. Percent. Per cent. 
Soluble in N/; HNO, in soil... 0.00235 0.00075 0.0028 0.0010 
Gram. Gram. Gram, Gram. 
ANICACH POE. ..cccccssescacscuscecence 0.1333 0.0397 0.1587 0.0567 
Per cent. Per cent. Per cent. Percent. 
Comparative availability (en- 
IRE PIAS) \o<0c0sccaseencsseceseess 35 60 17 28 
Comparative availability 
(roots excluded)............... 18 26 15 23 


The percentage of phosphoric acid soluble in N/5 nitric acid 
removed by the plants varies widely when the entire plant is con- 
sidered ; this is in part due to the difficulty in securing the roots 
from the soil, only a part of the roots being obtained from soils 
178 and 180. When only the part of the plant above the surface 
is considered, the differences are less. The availability is greatest 
in the soil which contains the least chemically available phosphoric 
acid. 

The high percentage of phosphoric acid soluble in N/5 nitric 
acid removed from these soils by cowpeas—particularly soil 
176—leads one to question whether this solvent is not too weak. 
We could hardly expect 35 to 60 per cent. of the chemically 
available phosphoric acid to be absorbed by the plant. 
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Relation of Chemically Available Phosphoric Acid to Soil De- 
fictencies.—The amount of chemically available phosphoric acid 
present was compared with the soil deficiency as measured by 
pot tests with the cowpeas, with the striking result that the order 
of deficiency was found to be the order of chemically available 
plant food, and inverse order of the availability of the phospkoric 
acid. 

TABLE III.—AVAILABILITY AND SOIL DEFICIENCY. 
Weight of crop. 


Phosphoric acid. (Dry matter.) 
Phosphoric 
In soil. Availability. With nitrogen acid, nitrogen 

Soil. Per cent. (Roots excluded.) and potash. and potash. 

176 0.0008 26 14.4 20.7 

180 0.0010 23 15,7 20.1 

174 0.0024 18 17.0 19.6 

178 0.0028 15 20.9 20.1 


It does not follow that the same results would be obtained in 
all types of soils, since different phosphates may be present. With 
0.0028 per cent. P,O, soluble in N/5 nitric acid, the soil was no 
longer deficient in phosphoric acid for cowpeas. 

Physvological Availability.—Pot experiments with cotton, corn, 
rice, and cowpeas similar to those described above were carried 
on to compare the solvent powers of these plants for phosphoric 
acid. Only seven pounds of soil were used in this experiment. 
The rice soil was left saturated with water during the period of 
growth, while the other soils were treated as described before. 

Cotton and cowpeas removed nearly the same quantity of 
phosphoric acid. Rice had a lower solvent power, and corn 
much lower. The results of the experiment are presented in 
Table IV. The soil contained 0.0021 per cent. phosphoric acid 
soluble in N/5 nitric acid, equal to 0.0666 gram per pot. 


TABLE IV.—AVAILABILITY OF PHOSPHORIC ACID TO DIFFERENT PLANTS. 


Rice. Cotton. Cowpeas. Corn. 
Grams: PO; taken) tps....<<.-<es<0.cceess +. 0.0124 0.0200 0.0181 0.0032 
Percent. Percent. Percent. Per cent. 
Relative availability....... reer ae 19 30 27 5 
Crop produced : 
Grams. Grams, Grams. Grams. 
With nitrogen and potash.......... 5-4 5.7 12.4 4.0 
With phosphoric acid, nitrogen 
GUNG PONG es acsceccecasecescs «« ¥§.0 13.7 12.7 36.3 


It is seen from the size of the crop produced that the soil appears 
to be deficient in available phosphoric acid for rice, cotton, and 
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corn, but not for cowpeas. Corn has the lowest solvent power, 
and phosphoric acid exerts its greatest effect in this plant. Cotton 
and cowpeas appear to have nearly the same solvent power, 
and take up nearly the same amounts of phosphoric acid, but the 
soil is deficient for cotton and not for cowpeas. This must be due 
to the cotton requiring more phosphoric acid than cowpeas. 
We must therefore consider not only the solvent power of the 
plants, but also their needs for the plant food in question. 

The experiment just described brings out clearly the fact that 
the soil may be deficient in phosphoric acid for some crops, and 
not for others, and further shows that the deficiency is due not 
only to the different solvent power of plants for mineral phos- 
phates (physiological availability), but also to difference in the 
amounts of phosphoric acid required for the growth of the plant. 
These factors have never been sufficiently regarded in studying 
the action of solvents upon soils, a soil being often considered as 
deficient or not deficient in phosphoric acid without regard to the 
crop used for the test. 

Further experiments are required before the availability of 
phosphoric acid in the order given can be considered as true for 
all soils. Indeed, Gedroiz found varying relations with different 
soils in comparing several plants. 

Weathering as Affected by Plants.—Still assuming that N/5 
nitric acid dissolves the chemically available phosphoric acid of 
the soil, we determined the weathering effect of the plants on the 
soils. Subtract from the phosphoric acid (soluble in N/5 nitric 
acid) in the soil before planting, that present after the plants are 
removed, and the difference gives the loss (or gain) to the soil. 
Add the amount taken up by the plant, and we have the total 
amount rendered available. The results are given in Table V, 
expressed in per cent. of the amount originally present in the soil. 

The amount of weathering depends upon the nature of the soil, 
being in these experiments proportionately more when the content 
of chemically available phosphoric acid is low. 

The author’ has found that moisture effects a slight average 
increase in the chemically available phosphoric acid (soluble in 
N/5 nitric acid) in three months. Calcium carbonate causes a 
decrease, calcium sulphate an increase, and decaying organic 
matter an increase. ‘The weathering action of plants is very 
much greater than that of any of the other agencies studied. 


1 Am. Ch. J. 32, I (1904). 





ae 


B 
3 
he 

| 
ees 
oi 





_ uw 


- 


ao 


ie 


ng 
as 
he 


the 
ric 
are 
oil. 
tal 

Vi, 
oil. 
oil, 
ent 


age 


> in 


anic 
very 


PHOSPHORIC ACID OF THE SOIL, 831 


TABLE V.—WEATHERING BY PLANTS AND AVAILABILITY. 
Percentage increase Comparative availability 


by weathering. of phosphoric acid. 
Plant. Soil. Per cent. Per cent. 
COW PEAS. <cc.ssscsscxes 174 36 25 
St Veasaapmcsaeesue 176 134 26 
Ry hewesauceaeaaes 178 38 13 
i eeesbadeecneese 180 58 23 
COMO Hacc .cc cat acsesssts ece¥s 39 22 
OEM ie veh couscqusueasent ounce 24 4 
COW DEAS. occ censtcnce <csia 42 19 
BGG ace cs cctaesnsevecvs vas /avees 57 16 


Comparing the plants on the same soil, the order of weathering, 
beginning with the most active, is rice, cowpeas, cotton, corn. 
Cotton and cowpeas are nearly the same. Rice acts vigorously. 

The foregoing discussion is based on the assumption that all the 
phosphoric acid removed by the plant was soluble in N/5 nitric 
acid, which may not be entirely true, though no doubt partly 
true. Aside from this, however, the weathering action of the 
plant has undoubtedly changed marked quantities of phosphoric 
acid into chemically available forms, for more phosphoric acid 
is present as N/5 soluble after than before growing the plants, 
and a part of the phosphoric acid taken by the plant must have 
been in this form. Hence the plant has been active to convert a 
considerable part of the physically unavailable phosphoric acid 
into chemically available forms. This the plant could do by 
breaking down the soil particles, thereby exposing more phos- 
phoric acid to the action of the solvent. 

The comparative availability of the phosphoric acid has been 
calculated from the original content of the soil plus that rendered 
available by weathering. The results are presented in Table V. 
The comparative availability is high. We would not expect 
cowpeas to remove 13 to 26 per cent. of the phosphoric acid 
presented to them in the form of phosphates of calcium, iron or 
aluminum. Consequently, it would appear that N/5 nitric acid 
does not extract all of the chemically available phosphoric acid 
from these soils. 

Pot Tests Compared with Chemical Tests.—The striking corre- 
spondence between the soil deficiencies as shown by the pot ex- 
periments with cowpeas and the chemically available phosphoric 
acid dissolved by N/5 nitric acid described in previous pages of 
this article led to the determination of phosphoric acid in a number 
of soils which had been subjected to pot tests. These pot tests 
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were made at different times, and were only qualitative in scope, 
not being intended to measure the extent of any deficiencies. 
They are not strictly comparable. 

These results are presented in Table VI. In most cases there 
is a relation between the amount of phosphoric acid, and the 
deficiency of the soil as measured by the ratio, crop without 
phosphoric acid divided by crop with phosphoric acid. The 
chief exception is soil 128. 


TABLE VI.—PotT TESTS AND PHOSPHORIC ACID SOLUBLE IN N/5. 
re) 
Nitric acid. 





Ratio of crop 


Phosphoric acid. =o P,0;. 
Soil No. Plant. Per cent. Per cent. 

97 Cotton 0.0007 42 

108 es 0.0010 48 

I4I me 0.0018 66 

137 0.0029 51 

135 _ 0.0029 84 

128 be 0.0045 62 

129 se 0.0065 28 

131 Corn 0.0014 22 

76 oe 0.0022 51 
17 Cow-peas 0.0008 7 
180 is 0.0010 ri 

174 ae 0.0024 86 

17 es 0.0028 100 

$s 0.0021 97 

Rice 0.0021 36 

Cotton 0.0021 44 

Corn 0.0021 II 


Most of these soils are similar in nature. Some, however, are 
calcareous. 

These experiments do not establish any standard for chemically 
available phosphoric acid in the soil. They do indicate, however, 
that the determination of chemically available phosphoric acid 
is of decided importance in soil analysis, and aids in detecting soil 
deficiencies, if due attention is paid to the nature of the soil, the 
kind of crop, and any characteristics which might retard or 
accelerate ordinary weathering of the soil. Extended series of 
careful pot experiments in a variety of soils, and much careful 
chemical work will be necessary before these relations are worked 
out in detail. Neglect of the other factors which should be con- 
sidered may lead us astray, and cause us to condemn methods 
which might give valuable practical information. 
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SUMMARY. 


(1) The factors to be considered in choosing a solvent for the 
chemically available phosphoric acid in the soil are (1) solubility 
of soil phosphates therein; (2) solubility of the soil constituents; 
(3) fixation by the soil; (4) availability of the chemically available 
food. 

(2) Aluminum, calcium, and ferric phosphates, phosphorite, 
vivianite, triplite and apatite are completely soluble in N/5 
hydrochloric and nitric acids under soil conditions. Some are 
completely soluble and others less soluble in N/50 HCl, N/200 
HCl, and 1 per cent. citric acid. 

(3) Other soil constituents, if dissolved, expose physically unavail- 
able phosphoric acid to the action of the solvent, which thereby 
appears as chemically available. Calcareous soils must thus be 
placed in a different class from siliceous soils. It is necessary to 
group soils according to the amount of soluble matter they give to 
the solvent used for estimating available plant food. 

(4) Where fixation takes place, the phosphoric acid in solution 
represents that dissolved less that fixed. The soil fixes phos- 
phoric acid from water solutions, carbonated water, and acetic 
acid. Aluminum and ferric hydroxides fix phosphoric acid from 
N/50 nitric acid under the conditions of soil treatment, and it is 
possible that some phosphoric acid is removed by the soil from 
solution when this solvent is used. 

(5) Since the soil phosphates are largely insoluble mineral 
phosphates, they cannot have a high availability; that is, the 
phosphoric acid extracted by the solvent must be considerably 
in excess of that consumed by the plant. 

(6) Assuming that N/5 nitric acid is a correct measure of 
chemically available phosphoric acid, its availability was com- 
pared in four soils by means of pot experiments as follows: 35, 
60, 17, 28 per cent. for the entire plant; 18, 26, 15, 23 per cent. 
for the aerial portion only. 

(7) In the four experiments, the order of availability as meas- 
ured by pot tests is the same as the order of chemically available 
plant food as measured by N/5 nitric acid. 

(8) Physiological availability was compared in rice, cotton, 
corn and cowpeas. Corn had the lowest assimilative power, rice 
next, and cotton and cowpeas nearly equal; the soil was deficient 
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in phosphoric acid for rice, cotton and corn, but not for cowpeas. 
While cotton and cowpeas have the same solvent power, cotton 
needs more phosphoric acid in its growth. 

(9) The sum of the phosphoric acid in the soil after growing 
the plants plus that in the plant, less the original content of the 
soil, is taken as the phosphoric acid made available by the plant. 
It varies from 24 to 136 per cent. of the original soil content in 
our eight experiments, thus varying widely according to the soil 
or the plant. No doubt, different soils are different in this respect. 

(10) In experiments with 15 soils, there appeared to be a 
relation between the chemically available phosphoric acid as 
measured by N/5 nitric acid, and soil deficiencies as shown by 
pot tests. 

(11) There is no doubt that the determination of chemically 
available plant food will give valuable indications as to the needs 
of soils in phosphoric acid, if due attention is paid to the factors 
which influence it, and to the other factors of availability. 


[CONTRIBUTION FROM THE BUREAU OF CHEMISTRY, U. S. DEPARTMENT 
OF AGRICULTURE. PUBLISHED BY PERMISSION OF THE SECRE- 
TARY OF AGRICULTURE. SENT BY H. W. WILEY.] 

HIGH VACUA IN THE SCHEIBLER TYPE OF DESICCATOR. 
By H. C. GORE. 

Received April 28, 1906. 

THE ether-sulphuric acid method for obtaining high vacua in 
desiccators, which was invented by Benedict and Manning,’ is 
shown by them to be of great value in the determination of water 
in foods and physiological preparations. The method consists 
essentially in expelling the air by evaporating ether in the 
desiccator under diminished pressure and subsequently removing 
the ether vapors by means of sulphuric acid. Vacua of less than 
I mni. of mercury are readily attained by this means. 

The Hempel desiccator, in which the sulphuric acid is located 
in the upper part of the apparatus, has been the type of desiccator 
mainly used by Benedict and Manning. The main objection 
to this form, in the opinion of the writer, and one which it is 
believed will prevent its general use, lies in the fact that the 
sulphuric acid is apt to spill, particularly at the time when the 


1 Am. Ch, J. 27, 340 (1902), and Am. J. Physiol. 13, 309 (1905). 
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upper compartment is removed.! In addition, it is a special 
form of apparatus not generally found in laboratories. 

The Scheibler type of desiccator, in which, however, the sul- 
phuric acid was contained in an acid dish in the upper part of the 
desiccator, was also used with success by the originators of the 
method. It is found by the writer that the Scheibler type works 
as well as the Hempel form and much more conveniently, when the 
sulphuric acid is contained in the bottom of the desiccator. Follow- 
ing are the details of the application of the ether-sulphuric acid 
method to the Scheibler desiccator in which the acid is contained 
in the bottom, together with results obtained in a comparison 
of the two types of desiccators. 

A Scheibler desiccator of 20 cm. internal diameter is fitted 
with a one-holed new rubber stopper, through which passes a 
delivery tube reaching to near the top of the inside of the desic- 
cator and terminating outside of the desiccator in a well-fitting 
stop-cock (best a stop-cock with a slant-bored hole). The rubber 
stopper before use is first well cleaned by being rubbed with a 
cloth moistened with chloroform, and then well greased with a 
mixture of vaseline and beeswax in which a little “pure gum” 
rubber tubing has been melted. The stop-cock is also lubricated 





























with this mixture. For the ground joint between the desiccator 
and its cover a vaseline and beeswax mixture is used. The 


‘It is found that the upper compartment of the Hempel desiccator is 
best loosened after the vacuum is destroyed, by driving the thin blade of a 
spatula between the ground surfaces by means of gentle tapping. 
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desiccator is provided with a simple U-shaped manometer, and 
charged with about 200 cc. of concentrated sulphuric acid on 
which is floated a Petri dish about 10 cm. in diameter (see 
drawing). Connection is made with the exhaust, best through 
two bottles (not shown in the figure), the first of which is arranged 
to act as a safety-bottle in case of back suction, and the second 
contains water in order that the outflow of gas may be observed. 

When all is ready for the exhaustion, from 20 to 25 cc. of ether 
are added to the Petri dish, most conveniently through a long- 
stemmed funnel, the desiccator closed and suction applied. After 
the first rush of gas, a rapid, steady flow goes on as the ether 
evaporates from the Petri dish. The flow of vapors ceases as 
soon as the ether is volatilized and the stop-cock is now closed. 
The desiccator may now either be left to itself, when a gradual 
fall of the mercury in the manometer will be observed, reaching 
a minimum of about 1 mm. in a short time, or the apparatus 
may be gently moved about in such a manner that fresh surfaces 
of sulphuric acid will be exposed to the ether vapors. By the 
latter procedure a high vacuum is very rapidly attained. In 
case, however, materials are being dried which contain con- 
siderable quantities of water, loss by spattering may occur where 
the pressure is lowered so suddenly, and the former method is 
preferred. Such mechanical loss has been observed, for example, 
in connection with experiments in the drying of potato starch. 
When the pressure was very suddenly reduced from 50 mm. to 
10 mm. or less, the water vaporized so suddenly that it carried 
the starch grains to all parts of the desiccator with almost ex- 
plosive violence. The starch used contained only about 11 per 
cent. of water. 

A set of experiments was carried out in which a Hempel desic- 
cator, used according to the directions of Benedict and Manning,' 
and a Scheibler desiccator used according to the procedure given 
above, were run side by side. The material employed was a 
very pure sample of potato starch. Two-gram samples of the 
starch were weighed into small aluminum dishes, fitted with 
covers, of the kind recommended by Benedict and Manning.’ 
The dishes with their contents were placed in the desiccators, 
their covers removed, and the process for obtaining the high 


1 Loc. cit. 
2 Am. J. Physiol. 13, 314 (1905). 
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vacuum applied to each desiccator. The desiccators were opened 
at the intervals indicated in the table. In opening, the air was 
admitted through a calcium chloride tube and the dishes were 
immediately capped with their respective covers and weighed. 
The percentages of water removed at the different intervals in the 
two desiccators are shown in the table below. The determina- 
tions were made in triplicate and the separate determinations 
in each set agreed closely throughout. The averages only are 
given in the table. 

TABLE SHOWING THE DRYING OF STARCH IN HIGH VACUA IN HEMPEL 

AND SCHEIBLER DESICCATORS. 





Time. 
Desiccator. Hours. Per cent. of water. 
RECHIPEN «cc ssacncqves vusnsassssateneeens 30 10.20 
Te «A cgsapsstaraed geste dea soaouedeacees 74 10.67 
- 146 10.69 
24 10.58 
68 10.74 
Te © Vassanasenperscacangegasiecers 140 10.7 


The starch contained 10.90 per cent. of water, this determina- 
tion being made by drying for two hours in a partial vacuum of 
about 60 mm. at 102°C. 

The results show that the Scheibler form with the sulphuric 
acid in the bottom of the desiccator, equals the Hempel form as 
an apparatus for the rapid drving of materials in the high vacua 
obtained by the ether-sulphuric acid process. 

A criticism of the ether-sulphuric acid process must be noted. 
There seems to be some slight tendency for the formation of 
acid fumes after the apparatus has remained evacuated for some 
days and a faint odor can be detected in the desiccator on opening. 
The dried starch samples from both desiccators were notably 
darker in color than the original sample, or the samples dried at 
102°. 

The method, therefore, cannot be recommended unqualifiedly, 
but it is the nearest approach vet made to an ideal method. The 
modification suggested in this paper is made in the hope that the 
method will be more widely adopted by chemists. 





A MODIFIED HYDROGEN SULPHIDE GENERATOR. 
By A. W. BROWNE AND M. F. MEHLING. 
Received May 8, 1906. 

In 1892 Ostwald! described a gas generator of a type that has 
since been employed in more or less modified form by many 
teachers of analytical chemistry. For several years an apparatus 
of this sort has been put to a practical test in this laboratory, 
with the result that it has for our purposes proved unsatisfactory 
in at least four particulars. In the first place, the gas is not 
evolved at uniform pressure. The level of the acid in the upper- 
most bottle often undergoes appreciab!e change due to the alter- 
nate generation and utilization of an excess of gas. Aside from 
this oscillatory change in pressure there is a’so a continuous 
diminution in pressure, owing to the gradual consumption of the 
acid. Second, the progressive accumulation of spent acid in the 
lowest bottle materially diminishes the active surface of the 
ferrous sulphide. Third, the constant dropping of the acid upon 
one spot tends toward the formation of a cylindrical channel 
through the solid, with the result that the fresh acid has but little 
opportunity to act upon the solid before mixing with the spent 
acid below. And fourth, the apparatus requires entirely too 
much attention. This was found to be the case even when 
bottles capable of holding 25 kg. of ferrous sulphide and 14 liters 
of acid, respectively, were employed. It must be admitted, 
however, that the test to which the apparatus has been subjected 
was a rather severe one. Other well-known forms of apparatus 
have been subjected to the same practical test in this laboratory 
through a period of years, with equally unsatisfactory results. 
The elementary classes in analytical chemistry to be supplied 
in this laboratory with hydrogen sulphide contain from 175 to 
275 students, of whom from 50 to 125 work in the laboratory at 
the same time, and the great majority of whom work in the 
laboratory at least nine hours per week. In order conveniently to 
supply classes of this size with an adequate amount of hydrogen 
sulphide it is essential that the generator should be capable of 
producing the necessary amount of gas under constant pressure, 
of regulating automatically the supply of fresh acid, and of 
effecting automatically the removal of the waste solution after 
the acid has been thoroughly neutralized. 

1 Z. anal, Chem. 31, 183 (1892); Grundlinien der Anorg. Ch. p. 282, 
(1904). 
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In attempting to modify the Ostwald apparatus so as to adapt 
it to the requirements of this laboratory, the authors have made 
free use of many suggestions contained in the literature of gas 
generators. Especial indebtedness to the excellent treatises of 
Kiister,* Richards,’ Bradley* and Parsons‘ must be acknowledged. 

The apparatus finally adopted and tested during the past year 
is shown in the accompanying sketch. The tubulated bottles 


hh +—water 


























to drain 


1 J. pr. Chem. [2] 48, 595 (1893); Chem. Ztg. 29, 158 (1905). 
2 Am. Ch. J. 20, 189 (1898). 

% Ibid. 21, 370 (1899). 

* This Journal, 25, 231 (1903). 
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A, B and C correspond with the main parts of the apparatus of 
Ostwald, Kitister and Bradley. A and B each have a capacity of 
about 14 liters, while C is considerably smaller. Hydrochloric 
acid (prepared by diluting the concentrated commercial acid 
with an equal volume of water’) flows from B through m into C 
and then through n, o and pinto the ferrous sulphide bottle A. The 
evolved gas passes through q into a wash-bottle containing water, 
and thence through a lead pipe to the hoods, where it may be 
obtained as needed by the students through 52 separate outlets. 
For the sake of economy, a device somewhat similar to that used 
by Parsons has been adopted, the flow of gas through the outlets 
being restricted to from 2 to 5 bubbles per second. Still further 
economy has been gained by insisting that precipitation shall be 
effected, whenever feasible, in closed flasks, somewhat after the 
manner suggested by Graebe.* The hoods and the generator 
itself are located in a separate room thoroughly ventilated by 
means of a fan operated by an electric motor. Leakage from the 
apparatus itself has been prevented by previously soaking all 
rubber stoppers and tubes in molten paraffin before wiring them 
in place. 

The difficulties experienced with the Ostwald apparatus have 
been overcome as follows: In the first place, the oscillatory 
changes in pressure have been entirely obviated by causing the 
acid to fall upon the solid through two openings of small diameter. 
When the apparatus is furnishing but a small amount of hydrogen 
sulphide (as is the case for example when gas is being drawn 
from not more than 1o to 12 outlets at once), the acid slowly 
oozes from the two tips marked p’, flows down the outside of the 
tubes, and finally drops from the two elbows (see enlarged sketch 
of p) upon the solid below. When the apparatus is suddenly 
compelled to furnish comparatively large amounts of gas, how- 
ever (as is very often the case when, at the beginning of a period, 
gas is being drawn simultaneously from every outlet), the acid is 
automatically thrown out through the tips iot a few seconds in 
two diverging streams. Thus a large surface of the solid is almost 
instantaneously moistened with the acid, and gas is at once 
evolved in considerable quantity. As soon as pressure equilib- 
rium is restored, the supply of acid is automatically cut down 
to a speed depending upon the rate of consumption of the gas 
1 Sartorius: Chem. Centr. 1904, I, 246. 

2 Ber. 31, 2981 (1898). 
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by the students. Even if all outlets are suddenly closed at this 
time there is no appreciable excess of gas evolved. In fact, 
during the normal running of the apparatus, an excess of gas 
sufficient to force its way over into C or even up into p for any 
considerable distance is never evolved. It is obvious that the 
nicety of this automatic adjustment of the supply of acid must 
depend upon the promptness with which the acid and the solid 
react. After A has been freshly filled with ferrous sulphide the 
reaction takes place rather slowly, however, even though the 
solid has just been broken up, and may have many perfectly 
fresh surfaces. For one or two days after the semi-annual filling 
has been accomplished, the apparatus does not work at quite its 
normal efficiency, unless the precaution has been previously 
taken of permitting the ferrous sulphide to stand for a time in a 
solution of ferrous chloride, before subjecting it to the action of 
the hydrochloric acid. 

The gradual diminution in pressure noticed with the Ostwald 
apparatus, and due to the consumption of the acid, has been 
prevented by using the tubulated, 14-liter bottle D. When all of 
the stop-cocks t, u and v on the glass tubes h, i and j are closed, 
the acid in D will flow out through the tube k only so fast as is 
necessary to keep the acid in B at the level a. Devices entirely 
similar in principle have of course long been used in other fields 
of work, and have been employed by Breyer,’ Kalecsinszky* and 
Parsons for the maintenance of constant pressure in gas genera- 
tors. In order to prevent the trapping of air bubbles it is im- 
portant that the upper part of the tube k should not be exactly 
horizontal, but should slope downward at every point. The 
inside diameter of k should not be less than 1.5 cc. The tube 1 
serves the purpose of carrying off fumes that may gather in B. 
It is open at the end, as atmospheric pressure should prevail in B. 
In our earlier experiments D was filled by pouring in water and 
acid by hand, after slipping a spring clamp over the short piece 
of rubber tubing at k, and was then tightly closed at the top by 
means of an unperforated rubber stopper. It was found possible 
to accomplish this rather disagreeable task much more rapidly 
and conveniently by means of an ordinary laboratory suction- 
pump. The glass tube h reaches to the bottom of a cylinder 
capable of holding about 6.5 liters of water, and placed con- 

1 Z, anal. Chem, 28, 438 (1889). 
2 Ibid. 31, 544 (1892). 
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veniently beneath a water tap. The glass tube i leads to the 
bottom of a carboy of concentrated commercial hydrochloric 
acid, while j communicates with a strong suction-pump. In 
order to fill D the suction-pump is turned on, the stop-cocks t 
and v are opened, and u isclosed. After about 6.5 liters of water 
have been drawn in, t is closed, and u opened until the same 
quantity of acid has been introduced, when u is again closed. 
To insure thorough mixing of the acid and water t is now opened 
for a moment to permit air to bubble in through h, and is then 
closed, after which the spring clamp is slipped off from the rubber 
tube at k. One filling usually suffices to keep the apparatus 
running at constant pressure for at least one week, even when 
the class numbers about 275 students. When the class is smaller 
the supply lasts proportionally longer. 

The second difficulty with the Ostwald apparatus was eliminated 
by effecting the continuous removal of the thoroughly neutralized 
spent acid. By the force of gravity the spent acid flows down 
through r, the inside diameter of which should be not less than 
1.5 cc. in order to prevent the tube from acting as a siphon, or 
from being clogged with sediment. Care should be taken, 
moreover, not to have the upper portion. of this tube exactly 
horizontal, but to have it slope downward at every point, in 
order to prevent trapping of gas bubbles. After passing through 
r, the spent acid enters E, a glass tube with an internal diameter 
of about 5 cm. This tube is filled with pieces of ferrous sulphide 
which serves the double purpose of thoroughly completing the 
neutralization of the acid, and of indicating in a general way the 
extent to which neutralization has been accomplished in A. Only 
very rarely may effervescence be seen to take place in E as the 
spent acid falls upon the solid. If, however, the level of the solid 
in A has been permitted to fall too low, or if for any reason the 
acid is cutting a channel through the solid in A, then a more or 
less brisk effervescence in E will call attention to the fact. From 
E the thoroughly neutralized acid flows by gravity into the 
U-tube F, which should have an inside diameter of not less than 
2ecm. The right-hand end of this tube is sealed off, but is pro- 
vided with two lateral openings each with a diameter of about 
1cm. This arrangement prevents clogging of the tube with small 
pieces of ferrous sulphide. The left arm of F is furnished with a 
side tube, s, through which the spent acid is finally carried to the 
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drain. The lower part of F is filled with mercury. This obviates 
the necessity of prolonging the left arm of F to a considerable 
elevation, and very effectively prevents the clogging of F with the 
fine material that gradually settles to the bottom, especially when 
the stop-cock o is closed and the apparatus allowed to remain 
inactive for some time. The apparatus has been permitted to 
rest in this condition for a number of weeks, and yet has not in 
any case shown the slightest sign of clogging when once more set in 
operation. The side tube s must enter F at a distance above the 
mercury sufficient to prevent loss of mercury globules thrown up 
by the occasional rapid bubbling of spent acid past the mercury. 
The amount of mercury to be used in F must obviously be governed 
by the following facts: The sum of the pressures represented 
by the vertical lines fg and ef must be greater than the pressure 
represented by a b, the normal pressure of the apparatus, in order 
to prevent loss of gas through F. It may also be made greater 
than the pressure represented by a’b’ the maximum pressure 
theoretically obtainable in the apparatus in case an excess of gas 
sufficiently great to force all acid in C back into B should be 
generated. As a matter of fact, however, this condition is never 
even approximately realized in practice. Experiment has shown 
that even when a partial vacuum has been purposely established 
in A and E, the sudden opening of o does not admit sufficient 
acid to generate an excess of more than from too to 200 cc. of 
gas. The sum of the pressures represented by ef and fg must, 
moreover, be less than the sum of the pressures represented by 
ab and cd, in order that the spent acid may flow out. The level 
c of the spent acid may be changed at will, without varying the 
pressure in A, by changing the amount of mercury in F. This is 
readily accomplished by means of a pipette introduced through 
the aperture w, which is ordinarily closed by means of a rubber 
stopper. By increasing the amount of mercury in F the level c 
may be raised until it reaches any desired point within A. If 
it should be desired to simplify the overflow apparatus, E could 
be dispensed with entirely, and a single tube could be used to 
replace rand F. In this case it would be advisable to introduce 
a sufficient quantity of mercury to raise the level c to a point 
about one-fourth of the distance from the bottom to the top of A. 
In our experience it has been found almost impossible to effect 
complete neutralization of the acid without permitting it to re- 
main in contact with the solid for some little time. 
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The third difficulty enumerated in the opening paragraphs 
was overcome with the aid of the double dropper, p, to which 
reference has already been made. The use of this device has 
greatly lessened the tendency toward the formation of channels 
in the solid. If the apparatus is but rarely required to supply 
large amounts of gas, however, the acid always slowly drops from 
the two elbows, and may in time produce channels, particularly 
if the pieces of ferrous sulphide are small. Trouble from this 
source may be quickly remedied by grasping the tube p at the 
point where it emerges from A beneath the rubber tubing, and 
twisting it around through anangleof about 90°. This operation 
is rendered very simple by the fact that p does not actually touch 
the rubber stopper through which it passes, but is encased in a 
short close-fitting piece of glass tubing as shown in the enlarged 
sketch. In our work it has been found sufficient to twist p two 
or three times during the course of the term’s work. 

The extent to which the fourth difficulty has been overcome 
may be inferred from the following statements: One filling of 
the ferrous sulphide bottle usually suffices for an entire term’s 
work. The only daily task of the attendant consists in opening 
the stop-cock o at the beginning, and closing it at theendof a 
laboratory period. Even this precaution is not necessary, except 
to prevent leakage of gas through outlets inadvertently left open 
by the students. The acid bottle D is filled at intervals of from 
one to two weeks, as stated above. This operation is accom- 
plished semi-automatically, involves no handling of acid, and 
requires but a few minutes of time. Moreover, no fumes, either 
of hydrochloric acid or of hydrogen sulphide, are permitted to 
escape into the room. To supply a class of 180 students during 
one term’s work, the consumption of one carboy (50 liters) of 
commercial hydrochloric acid and about 23 kg. of ferrous sulphide 
was found to be necessary. 


SUMMARY. 


By modifying the Ostwald gas generator in the manner indicated 
in the preceding pages an apparatus possessing the following 
advantages may be constructed. 

(1) It readily furnishes hydrogen sulphide in quantities suffi- 
cient to supply a class numbering 275 students, provided that the 
gas is made to bubble through the 52 outlets at a’ rate of from 
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2 to 5 bubbles per second, and provided that precipitation is 
usually effected in closed flasks. 

(2) The gas is evolved at uniform pressure whatever may be the 
rate of its consumption, provided only that this rate does not 
exceed the maximum rate of generation of which the apparatus 
is capable. 

(3) One charge of ferrous sulphide usually suffices for a term’s 
work. The removal of a single rubber stopper permits the in- 
troduction of a new charge. 

(4) One charge of acid (1:1 hydrochloric) suffices for a period 
of from one to two weeks. The charge may be renewed at any 
time without manual labor, by the simple manipulation of a few 
stop-cocks. 

(5) No fumes, either of hydrogen sulphide or of hydrochloric 
acid,can escape into the air at any time except to some extent 
during the semi-annual renewal of the charge of ferrous sulphide. 

(6) The spent acid is automatically discharged without changing 
the pressure in the apparatus, and not until it has stood in contact 
with ferrous sulphide for a sufficient length of time to insure its 
complete neutralization. 

(7) The stop-cock o may be discarded entirely if this is de- 
sirable. The actual working parts of the apparatus will then be 
devoid of stop-cocks, as t, u, v and the pinch-cock at k are used 
solely for the purpose of filling D. 

(8) Since the apparatus is made of glass parts, its condition 
at any time may be seen at a glance. 

(9) The apparatus may be set up without difficulty by anyone 
who has had a little experience in amateur glassblowing. The 
tubulated bottles are ordinarily carried in stock by manufacturers 
of laboratory apparatus. 

The authors wish to express their gratitude to Professor L. M. 
Dennis for the interest he has taken in their work and for the 
helpful suggestions he has given them. 


CORNELL UNIVERSITY, 
ITHACA, N. Y. 
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AN ELECTRICAL RESISTANCE FURNACE FOR THE 
MEASUREMENT OF HIGHER TEMPERATURES 
WITH THE OPTICAL PYROMETER. 


By ALEXANDER LAMPEN. 
Received May 16, 1906. 

THE plan adopted was to heat a small quantity of the material 
or substances under investigation to a required temperature, 
and after being kept at this point for a certain time, withdraw 
and examine it for any physical or chemical change taking place, 
and then if necessary place again in the heated zone of the furnace, 
the temperature of which was raised to a known degree. 

By repetition of this operation with an increase of temperature 
by known intervals the desired change in the material could be 
reached with an approximate knowledge of the temperature 
which had produced this change. 

Such a furnace should fulfil the following requirements: 

(1) To consist of materials which should withstand a suffi- 
ciently high temperature without destruction. 

(2) The temperature zone to which the substance is exposed 
should permit a variation to wide limits, and be easily regulated. 

(3) To enable a direct measurement of the temperature of the 
substance by sighting with an optical pyrometer on it, or on a 
surface raised to the same temperature. 

(4) To enable an easy and rapid removal and replacement of the 
substance during the run. 

(5) To come as nearly as possible to the optical properties of a 
“‘black body.” 

As it was desired to work up to temperatures of approximately 
2500° C. the only available material for the furnace was carbon. 
From the ease with which Acheson graphite can be machined, 
this article was exclusively used for the construction of the 
working parts of the furnace. 

After several experiments with furnaces of varying construction, 
the plan finally adopted was that shown in Fig. 1. The enclosing 
walls A of fire-brick were lined with a mixture B of equal parts 
of fire-clay and siloxicon to prevent fusing. The terminals, C, 
were Acheson graphite electrodes, the outside parts of which were 
wrapped with sheet asbestos, J, to prevent oxidation. 
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A graphite tube, D, 400 mm. long, 30 mm. outside, and 23 mm. 
inside diameter, was placed transversely across the furnace, 
through holes provided in the walls. The ends of this tube were 
also wrapped in sheet asbestos, and luted with the above mixture. 

The tube was so placed within the asbestos bushings that it 
allowed of expansion without tending to fracture. 

The core, E, and the layers, F, around the free ends of the ter- 
minals, C, consisted of powdered coke. 

The filling mass, G, was crushed charcoal and on top of this was 
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a thin layer of carborundum,H, in order to prevent the burning 
of the charcoal. The furnace was covered with fire-bricks, and 
the walls carefully luted with fire-clay to keep the air out of the 
inner parts. 

Fig. 2 gives the necessary details of the working parts. D 
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Fig 2. 
is the transversal tube. The substance which is to be heated is 
introduced into a small graphite capsule, ,and then placed in the 
end,c,,of a second tube, K; this is then slipped into tube D at a,. 
The diameter of tube is of such size as to slip easily within tube D. 

When the current is passed through the furnace the hottest 
part of the fixed tube will be in the core, and the temperature 
decreases towards the ends. By regulating the current, and 
moving the sliding tube, K, in a proper manner, the desired tem- 
peratures may be easily reached and maintained. 

The temperature readings are taken through the end, c,, by 
sighting with the pyrometer on the capsule. To remove the 
substance the sliding tube is pulled out and the capsule removed 
with a carbon rod. During the runs the end, a,, of the tube D was 
shut with a well-fitting graphite plug and the opening in the wall 
closed with asbestos and luted with fire-clay to prevent air circula- 
ting in the tube. 

The substance was introduced into the capsule so that it oc- 
cupied the lower part of it only as seen at M (Fig. 2). 

When in powder it was slightly packed toa layerof 0.5 to1mm. 
thickness (a); if in lump, a piece of the same thickness was placed 
as indicated by 6. 

This was in order to get uniform readings as the upper half of 
the capsule supplies the light for the pyrometer field, and thus 
radiations from a graphite surface were investigated independent 
of the substance which was heated. 
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The choice of the material, G, for filling was somewhat restricted 
as it was essential that it be a poor conductor of heat and electricity 
and should not contain constituents which on decomposition by 
heat would give rise to fumes, and thus interfere with pyrometer 
measurements, and should stand the highest temperatures with- 
out fusing or reacting upon the graphite tube. 

Many different materials were tried for this purpose, and 
charcoal was found to be the only one fulfilling these require- 
ments. 

The length of the fixed tube, D,was a matter of considerable 
importance, because that portion passing through the charcoal 
G, should be long enough to admit a considerable drop of tem- 
perature from the core, and also the end,a,,must be far enough 
from the centre of the heat so that it can be kept below a red heat. 
In spite of this some oxidation at the mouth of the tube did take 
place, which could be probably entirely avoided by using some 
water-cooling device at this point. The inner tube, K, was coated 
with a thin layer of siloxicon two-thirds of its length from c, to 
prevent its oxidation when removed hot from the furnace. 

The currents used were alternating, 150-450 amperes at 15-20 
volts. 

During the first runs of a new furnace some difficulty was ex- 
perienced from fumes in the tube interfering with the pyrometer 
observations. These were probably derived from decomposition 
of impurities in the tube or the surrounding bodies. After a few 
runs these fumes were no longer observed, the impurities which 
gave rise to them having been volatilized. 

In order to ascertain how much the radiation from the capsule 
differed from that of a black body a series of comparative tem- 
perature measurements were made with a Wanner optical pyrom- 
eter and a Siemens and Halske thermocouple. The latter 
instrument was standardized up to about 1050°C. and had a 
scale up to 1400°C. The couple was introduced into the sliding 
tube, the temperature regulated and kept constant for a while, 
the couple then quickly removed and a reading taken with the 
optical pyrometer. The current which supplied the standard 
lamp of the Wanner instrument was kept constant by means of a 
theostat and milliammeter. 
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TABLE I. 
The junction of the couple bare and nearly touching the capsule. 
Siemens and Halske. Wanner. 
1105 C 1116C 
1135 1142 
1175 1183 
1205 1208 
1210 1211 
TABLE II. 


The junction of couple placed in a clay tube, the bottom of which was about 
I mm. thick and in contact with the capsule. 


Siemens and Halske. Wanner. 
1275 1296 
1310 1330 
1373 1388 


As far as these results go, it shows that the optical properties 
of the apparatus did not deviate appreciably from those of a 
‘““black body.”’ 

The method of carrying on the observations was as follows: 

The sliding tube provided with an empty capsule was intro- 
duced into the furnace, the current thrown on, and the tempera- 
ture readings taken at intervals. When the temperature of the 
centre of the furnace had become somewhat higher than the 
desired temperature the tube was removed and the empty capsule 
replaced with one charged with the substance under investigation. 
The sliding tube was now gradually pushed into the fixed tube, 
all the time following the rising temperature with the pyrometer, 
until the desired point was reached, and this temperature was 
maintained by slight alteration of the position of the inner sliding 
tube. If the pyrometer gave any indication of a tendency to 
rise above this point, the sliding tube was withdrawn a short 
distance and vice versa. After a sufficient time the sliding tube 
was gradually pulled out to give it time to cool, the capsule re- 
moved, examined and replaced, or another capsule ready charged 
introduced and heated as above described. The removing, re- 
placing and reheating could be carried out in from three to five 
minutes. It will thus be seen that a great many determinations 
can be made in a comparatively short time. 

The following examples illustrate the mode of working and the 
results obtained : 


SILICON CARBIDE. 
A mixture of sand and coke corresponding to the reaction 
3C+Si0, =2CO+SiC was reduced to fine powder and raised to 

















ELECTRICAL RESISTANCE FURNACE. 851 


the temperatures as given below. To determine when the re- 
action had taken place, the mixture was heated over a Bunsen 
burner to remove excess of carbon, and then treated with boiling 
concentrated hydrofluoric acid to remove the unchanged silica. 
The resulting greenish gray amorphous residue indicated the 
presence of silicon carbide. 


TABLE III. 
Temperature. Time of heating. Results. 

1500 5 minutes Sintered, no reaction. 

1500 io. ~ oe 

1540 io “* - 

1600 Io. Traces of carbide. 

1700 To.“ More carbide. 

1800 io, Homogeneous mass, mostly 
carbide. 

1900 to «| * Homogeneous mass, mostly 
carbide. 

2000 Fo, * Small crystalsin amorphous 
mass. 

2100 io, = Mass of crystals. 


Some carbide crystals (carborundum) were introduced and heated 
as follows: 


2I100° C, Io minutes No change. 
2200 to.. “ = 
2240 io, ‘ Graphite. 


This shows that the reaction point between the above substances 
is somewhere round 1600° C. The formation of crystallized carbide 
or carborundum begins between 1900 and 2000° C. and its de- 
composition into silicon and graphite between 2200° and 2240° C. 

The former point has been previously determined in this 
laboratory to be 1950° C. and the latter 2220° C. 

In order to determine more closely the reaction point between 
carbon and silica, a mixture of pure materials was prepared and 
heated with small temperature intervals. The first indications 
of the reaction could be detected at 1615° C., whereas at 1600° C. 
no carbide could be found with certainty. 

CALCIUM CARBIDE. 

A fine powdered mixture of coke and calcium oxide (commer- 

cial) according to the reaction 
3C+CaO =CaC,+CO 


was heated at 100° C. intervals for ten minutes. 
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TABLE IV. 
Temperature. Results. 
1500° C, Slightly shrunk, no gas on addition of water. 
1600 More shrinkage, no gas. 
1700 Gas evolved with water, an odor of crude 
acetylene. 
1800 The mass fused, abundance of gas with water. 


Next, a piece of commercial calcium carbide was heated to: 


1750° C. Traces of sintering. 
1780 Partly fused. 
1800 Completely fused. 


A proper mixture of pure calcium oxide and carbon was heated 
at small temperature intervals for ten minutes The presence 
of calcium carbide was determined by dropping a piece of the 
mixture into ammoniacal cuprous chloride solution, which gives 
a red; precipitate with acetylene. 


TABLE V. 
Temperature. Results. 
r700° C. No carbide detected with certainty. 
1725 Traces of carbide. 
1740 More carbide. 


MELTING TEMPERATURES OF SOME REFRACTORY MATERIALS. 


A rough determination of the melting-points was carried out 
for a number of refractory materials used in this laboratory. 


TABLE VI. 

Fire-clay (Henry Maurer, N. Y.): 

13507 C. No change. 

1400 Fused down. 
Fire-brick (Henry Maurer No. 2 A.): 

1550° C. Partly fused. 

1600 Completely fused. 
Porcelain from crucible (Dresden): 

1600° C. Edges rounded. 

1650 Fused down. 
Piece of pure quartz: 

1650° C. Edges rounded. 

1700 Fused. 


Magnesia brick with high percentage iron : 
1g900° C. Edges rounded. 
2000 Completely fused. 


Magnesia fused in electric arc: 
2000° C, Fused. 
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During the work it was found that covering the end of the 
sliding tube with a red glass of sufficient thickness, most of the sub- 
stances under examination could be clearly seen against the sur- 
face of the capsule. This is due to the fact that their radiating 
power is less than that of carbon, and also because the tempera- 
ture of the free surface must be somewhat lower than that of the 
capsule. This provided a means of observing the change of form, 
to some extent at least, of the heated substance, and to recognize 
a sintering or fusing of the substance without removing the 
capsule. The presence of the fumes which were occasionally 
developed by decomposition of the substance could also be 
detected in the same way. 


ELECTROCHEMICAL LABORATORY, COLUMBIA UNIVERSITY, 
March 15, 1906. 


[CONTRIBUTION FROM THE HAVEMEYER LABORATORIES OF COLUMBIA 
UNIVERSITY, No. 125]. 
THE MEASUREMENT OF TEMPERATURE IN THE FOR. 
MATION OF CARBORUNDUM. 
By S, A. TUCKER AND ALEXANDER LAMPEN, 
Received May 16, 1906. 

THE purpose of this investigation was to determine, if possible, 
the temperature for the formation of carborundum, and its de- 
composition into graphite and silicon. 

When a carborundum furnace built on the lines of a commercial 
furnace was taken down after a run it was found that fairly 
sharp lines of demarkation could be observed between the layers 
of graphite, carborundum (crystallized silicon carbide), and 
siloxicon (amorphous silicon carbide). If after bringing the 
furnace to a stationary condition, temperature measurements 
could be made at different points of the cross-section, the desired 
temperatures could be easily obtained. 

This was accomplished by placing through the centre of the 
furnace a horizontal graphite tube containing a plug which could 
be pushed to any desired section and its temperature measured 
by an optical pyrometer. 

THE FURNACE. 


This, as will be seen from the drawing (Fig. 1), was built on the 
general plan of a furnace used in the manufacture of carborundum, 
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Fig. 1. 
though several alterations were made in the proportions of the 
furnace as well as the dimensions and the form of the core, owing 
to the voltage used and the particular use to which the furnace 
was to be put. 

After several experiments the following construction was 
adopted: 

The retaining walls of fire-brick, A, enclosed a space 330 mm. 
long, 200 mm. wide, and 190 mm. deep. The terminals of Acheson 
graphite, C, were 50 mm. in diameter and placed at a distance of 
200 mm. between the ends. A tube, E, bored out of Acheson 
graphite, with a length of 330 mm., and outside diameter of 
25 mm., and inside diameter of 18 mm., was put transversely 
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through the centre of the furnace with the ends projecting into 
holes provided in the brick retaining walls and luted with fire- 
clay. Thin plates of sheet iron were placed against the ends of 
the terminals which were surrounded with a packed layer of 
powdered coke, D. The space between the plates was filled with 
charge F, to a proper height, and a core of powdered coke, B, 
40 mm. wide and 60 mm. deep was made between the terminals 
by means of iron plates. The furnace was then filled up with 
the charge and all the plates withdrawn. The charge, of which 
about 8 kilos was used, consisted of: 
34.2 parts by weight. 
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Finally a graphite plug 17.5 mm. in diameter and 9 mm. long 
was slipped into the tube and the furnace was ready for a run. 

It was found after several preliminary trials that a good yield 
of carborundum could be obtained with 12 kilowatts running 
about two hours. 

PYROMETER. 

This instrument was by Wanner, and was used with all the 
precautions indicated by Waidner and Burgess in their work on 
optical pyrometry.' 

The current which supplied the standard electric lamp was kept 
constant by means of a milliammeter and variable resistance 
throughout the work. Before using the instrument it was checked 
up with a standardized thermocouple to temperatures around 
1300° C. and was found to vary but slightly. At the higher 
temperatures a black glass is interposed between the instrument 
and the incandescent body, and this point was found to be in 
close agreement with the open instrument. It may be said that 
on using the instrument without control of the current which 
supplies the standard lamp, no accurate measurements can be 
obtained. 

EXPERIMENTAL. 

The run is started with 130 volts alternating current, the 
maximum voltage of the generator. The current is hardly 
appreciable at first but as the resistor begins to warm up gases are 
evolved, and should be lighted at once to prevent explosion. 

' “ Optical Pyrometry,’’ by C. W. Waidner and G. K. Burgess, Bureau 
of Standards, Washington, D. C., 1905. 
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Some time is taken in getting the current to the required point 
by varying the field of the alternator. 

The pyrometer was set up in a fixed position so that by sighting 
through one end of the graphite tube the radiations from the 
plug would illuminate the field completely. 

The first run made in this way had for its object the determina- 
tion of the maximum temperature of the furnace which would 
give a good yield of carborundum, and clearly defined layers, 
and was found to be about 2300°. 

If too high a temperature is attained, the layers will, of course, 
be pushed further to the sides of the furnace, and fusion of the 
retaining brick walls is likely to result, which changes the shape 
of the furnace to such an extent that no properly defined layers 
can be distinguished. Therefore, in the succeeding experiments 
the temperature of the furnace was raised until the plug in the 
centre of the core indicated a temperature of nearly 2300° C. and 
this temperature maintained constant for this point throughout 
the run. 

The temperature was slowly raised during about two hours and 
then kept at its maximum until the condition of the furnace could 
be considered stationary, 7. e., the reaction practically finished 
and the layers fixed. The decreasing evolution of gases indicated 
when this point was reached. Then the plug was pushed by 
means of carbon rods to the desired position and given time to 
acquire the surrounding temperature. The pyrometer was 
sighted on it and the temperature recorded. 

Between readings the ends of the tube were closed with pieces 
of sheet asbestos. 

The following table shows the results of a run as recorded: 


Time. Volts. Amperes. Position of the plug. Temperature. 
10.25 130 Centre 
10.50 55 = 
II.00 47 

II,10 45 

II.20 44 

11.25 42 

11.30 42 

11.35 41, 

11.40 41 

11.45 4I 

11.50 4! 

11.55 40.5 

12.00 40.5 
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Time. Volts. Amperes. Position of the plug. Temperature. 
12.05 40.5 300 Centre 2270 
12.09 40.5 300 2 cm. from centre. 2248 
12:33 40.5 305 gem. ‘ ss 2205 
12.18 40.5 300 55cm. 2088 
12.23 41.0 300 7 cm. 1925 
12.29 41.0 300 gem. 1758 
12.32 41.0 295 Centre. 2260 
12.39 41.5 290 2cm. from centre to other side 2236 
12.41 42.0 295 3.cm. x oS 2194 
12.47 42.0 290 5 cm. 2073 
12.52 42.0 285 7 Cit. 1897 
1.06 43.0 290 gcm. 1740 


After cooling, the furnace was taken down and a section made, 
exposing the tube on which measurements of the positions of the 
layers were then taken. These measurements defining the limits 
of the different products combined with the temperature measure- 
ments in the above table resulted in the following curve (Fig. 2): 
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This curve gives as the decomposition temperature of carborun- 
dum into graphite and silicon 2218° C., and as its formation tem- 
perature, 7. e., the point where the amorphous turns into crystal- 
line, about 1920°C. From another experiment the decom- 
position point of carborundum was found to be 2223°C., and 
the formation point 1980°C. The line between siloxicon and 
carborundum is always less defined than that between carbo- 
rundum and graphite. This explains partly at least, the varia- 
tions in the determinations of the latter point. As a limit was 
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considered the section where crystals could yet be found in the 
amorphous mass. 

As an average may be taken for the formation point of car- 
borundum 1950° C. and as its decomposition point into graphite 


and silicon 2220° C. 


ELECTROCHEMICAL LABORATORY, COLUMBIA UNIVERSITY, 
March 15, 1906. 


VOLUMETRIC METHOD FOR THE ESTIMATION OF CAR. 
BON IN IRON AND STEEL WITH THE USE OF 
BARIUM HYDROXIDE.! 

By JAMES A, AUPPERLE. 

Received May 16, 1906. 

THE method which I am about to describe has been found to 
compare very favorably with results obtained by gravimetric 
methods, with the advantage of being more rapid. It is based 
upon the following data: 

First.—Barium hydroxide can be titrated with acids in the 
presence of barium carbonate (which is neutral or faintly alkaline 
to phenolphthalein), and no carbonic acid will be lost. 

Second.—Carbonic acid is indicated by phenolphthalein, and 
when any barium carbonate is dissolved by standard acid during 
titration, the fact will be shown by the change in color. 

Third.—Barium hydroxide can be titrated with acids without 
filtering off the barium carbonate, providing the acid is run into 
the mixture by a prolongation of capillary tube attached to the bur- 
ette and extending well into the solution that is being titrated. 

The reason for using the capillary tube is that if any carbonic 
acid be liberated in the lower port’on of the beaker, it would be 
reabsorbed by the upper portion containing barium hydroxide. 

Hydrochloric acid has been found to give the best results, 
and an acid a trifle less than N/5 is used. This is prepared by 
mixing 15 cc. of acid (1.20) and 1000 cc. of water. One ce. will 
approximately equal 0.001 gram carbon. 

The barium hydroxide solution is prepared from 31.5 grams 
of Merck’s crystallized salt (Ba(OH),,8H,O) dissolved in 1000 cc. 
of boiled water. When both acid and alkali are at room tem- 
perature, and without waiting ‘or the suspended barium carbonate 
to settle completely, a measured portion is titrated with acid, 
and the remaining barium hydroxide is then diluted with water, 

1 Read before the Indiana Section of the American Chemical Society at 
Lafayette, Ind., May 12, 1906. 
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so that 1 cc.=1 ce. of acid. The barium hydroxide is then 
allowed to stand until clear, and again titrated with acid. 

The phenolphthalein solution is 1 to 30 of alcohol, and as it 
usually contains acid, it is rendered pink with dilute caustic soda 
or potash. Three drops of phenolphthalein are used for each 
titration. 

When sulphuric or oxalic acid is used for titrating, the barium 
sulphate or oxalate formed in addition to the barium carbonate 
present, renders them less desirable than hydrochloric acid, 
which forms no precipitate. 

In using this method in connection with burning steel filings in a 
current of oxygen, an accurate determination of carbon can be 
made in twenty minutes, which includes the time consumed in 
filing the steel. 

I have found that filings carefully taken, check well in carbon, 
as found in borings secured in the usual manner, with the ad- 
vantage that an ignition can be made at a lower temperature 
and in less time. 

The following table will show how the time is distributed in 


making a direct combustion. 
Minutes. 

Filing the sample 

Weighing sample and placing dish in Aupperle combustion 
crucible 

Measuring barium hydroxide, attaching Meyer tube to com- 
bustion apparatus, starting oxygen and lighting gas 

Ignition of borings 

Emptying, washing bulb and titrating 


In filing the sample; a large file whch has been previously 
cleaned with a stiff brush is used. The filings are weighed and 
placed in a platinum dish that fits the Aupperle crucible. This 
dish contains a '/, inch layer of 120 mesh emery which is heavier 
than the precipitated alumina ordinarily used and is not-so easily 
projected out of the dish. 

The platinum dish is covered with a disk of platinum foil 
perforated in two semi-circles which form wings, one bent into 
and the other out of the dish. The wings are bent at angles of 
45° which prevent anything being projected out of the dish. 

I have found that with two ounces of gas pressure and gas 
averaging 700 B. T. U. per cubic foot the crucible becomes white 
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hot, and steel filings are completely oxidized in eight minutes. A 
Bunsen vertical blast-lamp gives good satisfaction. 

At least twenty pounds of air pressure should be used. A 
single cylinder compressor making 150 revolutions per minute 
gives enough air for two lamps. By simply closing the valve 
through which the air enters the pump, a five-pound vacuum 
can be maintained and used for suction filtering. 

Mr. Philo Kemery, of the Crescent Steel Works, Pittsburg, 
devised the spiral educt tube of the Aupperle crucible which I 
have adopted and found very satisfactory. The present form 
of the crucible has one coil of the educt tube around the crucible 
and joined to the side instead of the bottom. This permits more 
heat to be concentrated on the bottom of the crucible, and the 
educt tube becomes hot enough to oxidize all carbon to carbon 
dioxide. 

The standard barium hydroxide and standard acid are con- 
tained in bottles holding twelve liters, each bottle being supplied 
with compressed air in order to facilitate rapid measuring. 

The air that enters the barium hydroxide bottle is passed 
through a solution of caustic potash. 

The capillary tube attached to the burette stop-cock is about 
five inches long. 

For carbon determinations in steel 75 cc. of barium hydroxide 
are used, but for iron 150 cc. contained in two Meyer tubes should 
be used, each containing 75 cc. The second tube will only show a 
precipitate of barium carbonate when a very rapid current of 
oxygen gas is used, or when the sample is extremely high in 
carbon. Iron borings should be ignited for twelve to fifteen 
minutes, and the oxide of iron remaining in the dish should be 
fused into one globule. The original shape of the borings should 
then have entirely disappeared. 

The barium hydroxide and carbonate are poured into a beaker, 
and the Meyer tube rinsed three times with boiled distilled water. 
Three drops of phenolphthalein indicator are added and standard 
acid run in very rapidly until the red color disappears and the 
white barium carbonate is seen. The beaker is then removed 
and placed under a burette containing standard barium hy- 
droxide, which is added slowly, and until the original red color 
returns. The number of cubic centimeters barium hydroxide 
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used in titrating back is subtracted from the acid burette reading. 
Only about 1 ce. is usually required. 

In experimenting to find how much carbon dioxide would be 
lost by adding sufficient standard acid to dissolve all the barium 
carbonate, and immediately titrating back with barium hydroxide, 
75 cc. of acid were added to the mixture of barium hydroxide 
and carbonate from a 0.90 per cent. carbon steel, and on titrating 
back to original pink 0.88 per cent. was found, thus showing 
practically no loss of carbon dioxide even when all barium car- 
bonate is dissolved. 

The acid is standardized with steel or iron of known carbon 
content. For steel the theoretical value may be used, 1 cc. N/5 
acid =0.0012 gram carbon. The following table shows how well 
the method checks with the gravimetric methods. 


Weighing as BaCO3. 


Gravimetric. Volumetric. 
3-Gram samples. 3-Gram samples. 
Steelystandard: .: <<: s<cc<sceen-4 0.090 0.090 
= ME) aeassunudmenseatea 0.115 0.113 
a SH Sc amevenmedeaawene 0.380 0.393 
“ BY) aaeseesecncsesesate 0.643 0.627 
ne Or) aveaos@uusaaute es 0.735 0.725 
1-Gram samples. 1-Gram samples, 
“e Sol scams daeastansnces 0.890 0.890 
si ae) Vcapeersganasacrs 1.130 I.150 
oe we egucvesusdedecoees 1.350 1.330 
PEO sci ovasesesuscacesssouaccesss 2.89 2.93 
WP canpasawersvacegonteceasacsess 3.30 3-35 
International standard... 3.25 3-31 
“ Osea OF 3.65 
BRON; « joweccsccsnens es easccaeses 3.76 3.72 
Nee Vaueupdausacdecsuwestaawaasees 4.30 4.32 


The following results are reported by Mr. J. C. Dickson of the 
Inland Steel Co., Indiana Harbor, Ind., to whom I extend thanks 
for investigating this volumetric method. 


Gravimetric method by KOH. Volumetric. 
SE eee nen ae an eet 0.463 0.460 
Oe uanavevatessenaetic 0.890 0.896 
OO wasusaneaetecsusavea 0.934 0.929 
Me Piaadvsacaant sncetes 1.097 I.101 


To show that practically no barium carbonate dissolves during 
titration, several samples, after being titrated, were filtered and 
the barium carbonate weighed with the following results: 
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Gravimetric after 


Volumetric method. titration, 
0.89 0.88 
0.97 0.97 
2.73 2.75 
CARBON 5 oci50 icesnseccconceessenss 4 l9S 2.80 
3.17 3.20 
3.58 3-59 
3.84 3.83 


Many chemists prefer burning the carbonaceous residue, and | 
have found that graphite is rapidly oxidized if filtered on a small 
Gooch crucible and then without drying or removing the asbestos, 
the Gooch is immediately placed bottom up in the combustion 
crucible. Fifteen minutes burning will be ample time using 
about 60 cc. oxygen gas per minute. 

I wish to avail myself of this opportunity to thank Mr. H. A. 
Schwartz, the Secretary of the Indiana Section of the American 
Chemical Society, for investigating synthetic mixtures of various 
amounts of dried, and also freshly precipitated barium carbonate, 
when mixed with various amounts of standard barium hydroxide 
and titrated with acid. 

The Aupperle crucible is described in Jron Age of October 6, 
1904; abstracted in Iron and Steel Magazine, December, 1904. 


LABORATORY OF E. C. ATKINS & Co. 
INDIANAPOLIS, IND. 


THE DETERMINATION OF CARBON IN IRON AND STEEL 
BY DIRECT IGNITION WITH RED LEAD.! 
By CHARLES MORRIS JOHNSON. 
Received January 22, 1906. 

THE writer’s experience with this method for the determination 
of carbon, together with some notes on what led to its adoption 
for routine combustion analysis, may prove of interest. 

The solution of steel drillings containing large percentages of 
chromium, tungsten or molybdenum in double chloride of copper 
and potassium causes more or less loss of carbon as hydrocarbon. 
Especially sensitive to such loss are the carbides that are separated 
by the double chloride from steels in which are 10 or 12 per cent. 
of molybdenum together with several per cent. of chromium. 

These carbides may lose some of the carbon by contact with 

1 A preliminary paper was read at the December meeting of the Pitts- 
burg Section of the American Chemical Society. 





after 


nd I 
mall 
stos, 
tion 
ising 


i: Pas 
ican 
‘ious 
late, 
xide 





CARBON IN IRON AND STEEL. 863 


dilute acid, or with the oxygen of the air during washing with 
suction or during the subsequent drying of the carbide at the 
temperature of boiling water. 

In the spring of 1900, the writer made an analysis for carbon 
of a steel containing 3.8 per cent. of chromium, applying the 
ordinary method of dissolving the borings in acid double chloride 
of copper and potassium, filtering on an asbestos plug, washing 
the carbide residue alternately with distilled water, and a mixture 
of one part of hydrochloric acid and twenty parts of water. The 
residue was then washed with water, alone, to remove the acid. 
After drying the washed carbide in a water oven, it was burned 
with purified oxygen in a red hot porcelain tube containing 
about 13 cm. of copper oxide. The products of the combustion 
were passed through granulated zinc of 20-mesh fineness, then 
through anhydrous calcium chloride, and then through phosphoric 
anhydride. The purified carbon dioxide was absorbed and 
weighed in potash bulbs. Duplicate analyses by this method 
failed to check. 

A series of analyses of these borings were made. The acid 
wash when used was alternated with distilled water and the 
washing was then completed with distilled water, alone, to re- 
move acid. 


Number Carbon found. 
Kind of wash. washings. Per cent. 
Bcc cieccecaane 20 parts H,O tor part HCl 20 1.65 
B igtossceansne 100 parts H,O to 1 part HCl 20 1.52 
Mexeccnvesctenes 100 parts H,O to 1 part HCl 2 1.909 
Bodasescdessasnes Ioo parts H,O to 1 part HCl 2 1.943 


In August, 1902, the process used in the foregoing, (3) and (4), 
was applied to a steel containing 4 per cent. of chromium and 4 
per cent. of molybdenum with the following absence of agree- 


ment: 
First analysis gave 1.28 per cent. carbon. 
Second analysis gave 1.53 per cent. carbon. 
Third analysis gave 1.33 per cent. carbon. 
Fourth analysis gave I.29 per cent. carbon. 


The thought occurred that perhaps the carbide obtained from 
molybdenum steel gives up part of its carbon as hydrocarbon on 
being brought into contact with the air during stirring. No heat 
was applied to hasten the solution at any time. A number of 
trial analyses were made in which the time of stirring was varied 
and also the acidity of the copper and potassium chloride solution. 








864 CHARLES MORRIS JOHNSON. 


In the following, 2 grams of the drillings were dissolved in 180 ce. 
of the double chloride solutions. By acid solution is meant a 
solution prepared by dissolving 600 grams of double chloride of 
copper and potassium in 1500 cc. of distilled water acidulated 
with 175 cc. of concentrated hydrochloric acid. By nearly 
neutral solution is meant the same as the acid solution except that 
but 25 cc. of concentrated hydrochloric acid were added to the 
1500 ce. of distilled water. 

The neutral solution consisted of 600 grams of the double 
chloride, 1500 cc. of distilled water and no acid. The results 
obtained are given in the following table: 

STEEL CONTAINING 4 PER CENT. MOLYBDENUM AND 4 PER CENT. 


CHROMIUM. 
Time in the 

Time of solvent with 

stirring. no stirring. Percentage of 
Kind of steels. Kind ofsolvent. Minutes. Hours. carbon found. 
No. I steel acid 20 1.53 
No. I steel “ 20 1.48 
No. I steel fy Io 1.64 
No. 1 steel zs 12 1.49 
No. 1 steel ch 24 1.52 
No. 1 steel nearly neutral 8 1.60 
No. 1 steel $$ ee 8 1.55 
No. 1 steel acid 3 1.60 
No. 1 steel neutral 6 1.593 
No. 1 steel ee 6 1.606 
No. 2 steel st 4 1.679 
No. 2 steel 6 1.734 
No. 2 steel acid 4 1.758 
No. 2 steel of 4 1.66 


A combustion of the 4 per cent. chromium, 4 per cent. molby- 
denum steel (No. 2), by the red lead process described below 
yielded 1.734 per cent. carbon. 

An examination of the foregoing table shows that both in the 
No. 2 and the No. 1 steels the highest result was obtained when 
the acid solvent was used and also the lowest results. 

Short stirring gave better agreements than the longer periods 
of stirring but had evidently not eliminated all of the causes of 
loss. Perhaps there is loss of carbon when the carbide is being 
dried in the water-oven. Further, it is practically impossible to 
regulate the suction so as to expose the residues, during washing, 
to exactly the same amount of air in each analysis. 

Two grams of the No. 2 steel were stirred twenty minutes with 





_ 


rea es 


ce, 
it a 
> of 
ited 
arly 
hat 

the 


ible 
ults 


lby- 


low 


the 
hen 


iods 
5 of 
ing 
e to 
ing, 


vith 





CARBON IN IRON AND STEEL. 865 


180 ce. of the acid solution, then transferred to the asbestos plug. 
Air was next drawn through the residue for fifty minutes; the 
amount of carbon obtained was 1.347 per cent. Two deter- 
minations of the same steel were made with sixty minutes’ stirring 
but with the least possible exposure to suction; 1.63 per cent. and 
1.68 per cent. carbon were found. In view of these results the 
practice was adopted of always keeping a layer of distilled water 
over the carbide during the washing. As soon as one layer, or 
covering of water, was drawn off, another was immediately 
supplied. 

This treatment was applied to a group of ingots containing 
11 per cent. of molybdenum and some chromium. The neutral 
solution gave the higher results as shown by the following table: 


Acid solvent. Neutral carbon. 
Per cent carbon. Per cent. carbon. 
0.52 0.60 
0.46 0.56 
0.53 0.59 


The same process of short stirring and least possible exposure 
of the carbide residue to air by suction, together with the use of a 
neutral solvent, was adopted for a series of ingots containing 
12 per cent. of molybdenum and several per cent. of chromium. 
It failed almost completely. For convenient comparison the 
results obtained in these latter experiments are shown in a column 
parallel to those obtained, at a later date, from the same samples 
by the red lead combustion method. 

One well-known laboratory obtained 0.72 per cent. carbon and 
another, equally experienced, reported 0.64 per cent. carbon on the 
S. H. S. sample. 

This untrustworthiness of the double chloride process for 
separating carbon in steel of high molybdenum and chromium 
content led to a search for some method of obtaining the per- 
centage of carbon by burning the entire substance. Having 
about this time noted Brearley and Ibbotson’s statement that 
steel drillings that will pass a 20-mesh sieve and have been 
mixed with about three times their weight of red lead can be 
decarbonized in a red hot porcelain tube, it was decided to attack 
the molybdenum steel in this manner. The results obtained 
from the molybdenum steels have been already given and need 
no comment. 
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Sample. Results obtained by Results by the 
12 per cent. Mo. the neutral solution. red lead process. 
steel containing Cr. Per cent. carbon. Per cent. carbon. 
iis 0.54 0.80 
sdia)sse oN sleavoesmasiosaees 0.72 0.79 
DIO HO -cccvscontscsepsaseoucss ont 0.76 
0.51 
pao 
IN'Qi 79 \accecsestaecensacnnsvens 0.49 0.82 
0.51 
: (0.54 
DUO Ad teseccdcossenvassuuctes 10.58 0.81 
a ree (0.47 (0.88 
PHA IAL ccesscsscadsxcs 10.61 10.85 
2 {0.61 f0.88 
INGQy) Sissbsscecivsasscsesscnees 10.88 10.87 
DUOGO., scncvesncsscsuves siess 0.49 0.73 
0.69.88 
NORE SS: raccacesnsnosespeas 0.66 
(0.68.75 
No ) ee J 0.66 seit 
(0.52 0.939 
0.76 
ING AO; cic cso sessssosasevesces {or 1.00 
0.62 
ING SE Tiss scan cos evccavcoestves jon 0.80 
(0.52 


The method was first applied to plain carbon steels, pig iron, 
and white iron and was found to be perfectly accurate. 

After more than eighteen months’ daily use of the red lead 
for the determination of carbon in steel, pig iron, alloy steels 
and ferro alloys, the details that have been found useful and 
reliable are as follows: 

If the borings are coarse, the thin curly portions of not over 
1 mm. thickness are selected. It is rarely necessary to operate 
with even this thickness. Not more than 2 grams of such drillings 
and not less than 4 grams of the red lead are weighed into a glass- 
stoppered 60 cc. weighing-bottle. The bottle is then shaken to 
mix the drillings and lead oxide. 

The steel sample submitted for analysis is drilled with a flat 
or diamond pointed drill. This style of drill will grind many 
of the drillings to 20-mesh fineness in the case of soft or annealed 
steels. If the steel be unannealed and of a carbon content ranging 
from about 0.35 per cent. carbon and higher, thin curly drillings 
are obtained which decarbonize readily by reason of thinness. 
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Care is taken at all times to cover such bulky drillings with the 
oxide of lead as any drillings that project above the main body 
of the charge are likely to escape oxidation. 

For soft steels and annealed steels two sieves are used. One 
has a 20-mesh gauze and the other one a 30-mesh gauze. Those 
drillings that pass the 20-mesh gauze but do not pass the 30-mesh 
sieve are used for analysis. 

This arrangement rejects the fine dust and the thick drillings. 
When very small pieces of steel are received they are drilled with 
’/, inch diameter twist or straight drills. All sizes of the flat, 
or diamond point drills are kept at hand from '/, inch diameter 
to 7/, inch. Any good mill blacksmith can make the flat drills. 
By these means it is rarely, if ever, necessary to resort to the 
copper and potassium chloride separation of the carbon. In the 
laboratory of the Park Steel Co., where from twenty-five to thirty- 
five combustions are made each day, covering a range from 0.04 
to 3.5 per cent. carbon, the writer does not recall a single instance 
in a year’s time when it was necessary to resort to the double 
chloride process. 

The mixture of lead oxide and drillings is transferred from 
the weighing-bottle to porcelain boats. The Royal Meissen 
brand 15X75 mm. or 112X12 mm. is mostly used, being con- 
venient sizes. The porcelain boats are slipped into- porcelain 
tubes of 16 mm. inside diameter X600 mm. long. Two furnaces 
with their porcelain tubes are operated at the same time. Until 
recently, the outlet ends of these tubes were filled for a distance 
of 125 mm. with granulated copper oxide. Later the copper 
oxide was found to be unnecessary. Oxygen is used during the 
combustion. It passes through a preheating furnace filled with 
125 mm. of copper oxide, then through a jar containing pieces of 
caustic potash (Fig. 3). It next bubbles through a solution of 
potassium hydroxide contained in a safety apparatus (Fig. 1) 
and is then dried in jars of soda-lime and calcium chloride of the 
design given in Fig. 3. This drying and purifying apparatus 
can be readily arranged and securely fastened in a space 250 
X406 mim. 

The combustions are operated in the usual manner. The portion 
of the tube containing the copper oxide is heated to redness, and 
then the remainder of the tube lying within the furnace is brought 
to the same temperature. The combustion tubes are constantly 
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kept hot through half the length so that the combustion com- 
mences almost as soon as the stoppers are inserted. While the 
boats are being charged the oxygen is passing slowly through the 
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tubes and the weighing and absorbing apparatus which has been 
previously weighed and attached. (This weighing apparatus is 
shown in Fig. 2. It was designed by the writer as a substitute 
for the different forms of potash bulbs now in the market. It 
is made of heavy glass. It is easily kept clean, is not top-heavy, 
and does not occupy much space in a balance case.) As soon as 
the steel begins to burn there is, at first, a rapid evolution of gas 
which quickly ceases. More oxygen is then turned into the 
apparatus from the steel cylinder so that a very slow bubbling 
is maintained through the weighing apparatus. When the 
oxidation of the charge is completed, the oxygen begins to rush 
through the apparatus at a high rate of speed. The flow of the 
gas is quickly checked to a normal rate, that is, it is checked so 
that, as it leaves the preheater, it passes through the safety 
apparatus (Fig. 1) at a rate of about 26 bubbles per ten seconds. 
The stream is evenly distributed to the two combustion tubes by 
means of a Y-tube and screw pinch-cocks. The stream passes 
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through the weighing apparatus (Fig. 2) at the rate of 250 cc. 
every ten minutes which is the normal speed. When the com- 




















bustions are completed in both sets of apparatus, as indicated 
by the passage of the gas at a high rate of speed, the normal 
is then maintained through the red hot tubes ten minutes longer 
to insure complete oxidation and that all of the carbon dioxide 
has been carried to the weighing apparatus. The products of 
the combustion pass through a purifying train shown in Fig. 4. 
The train connects with the glass tube leading from the outlet 
end of the porcelain combustion tube, by means of heavy com- 
bustion rubber tubing, at H. The gases pass through the 
cylinder (I) which contains a column of granulated zine of 20- 
mesh fineness. The use of granulated zinc to remove acid and 
chlorine in carbon combustions was first suggested by Dr. Edward 
§. Johnson. Cylinder I is 25413 mm. The zinc is held in 
place with plugs of glass wool. The gases next enter a cylinder 
(J) which contains a column of phosphoric anhydride. The 
phosphoric anhydride powder is held in place with plugs of ignited 
asbestos. Cylinder J is 178X13 mm. Glass wool plugs should 
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not be used in J as they become clogged after a few combustions, 
Ignited asbestos is free from this objection. 

The carbon dioxide, which is now freed from litharge and any 
acid fumes by zinc and from any moisture by the phosphoric 
anhydride, enters the weighing apparatus (L). This weighing 


ane 














Fig. 3. 


apparatus, as shown in the complete train (Fig. 4), differs slightly 
from the writer’s first design shown in Fig. 2. The apparatus 
is charged with 20 cc. of potassium hydroxide consisting of one 
part of caustic potash dissolved in two parts of water. The 
drying tube (C) is filled with small pieces of dry caustic potash 
obtained by quickly cracking dry sticks of caustic potash in a 
porcelain mortar. Each end of the drying tube (C) contains a 
plug of asbestos or glass wool. Before inserting the rubber 
stopper in C care must be taken to free the surface of the tube 
(C) from any moist caustic potash as potassium hydroxide causes 
decomposition of rubber, resulting in continuous loss of weight. 
The weighing apparatus is ready for recharging at the end of the 
fortieth combustion. The tare is then used for the absorbing 
and weighing of the carbon dioxide obtained from the next forty 
combustions, the exhausted apparatus now constituting the tare. 
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During the passage of the oxygen and the subsequent aspiration 
of the weighing apparatus to remove any oxygen present, the 
outlet, (O) Fig. 4, is protected from the ingress of moisture or 
impure air by a guard tube filled with small pieces of caustic 
potash. This guard tube is not shown in Fig. 4. All parts of the 
apparatus shown in Fig. 4 are connected by heavy-wall pure 
rubber tubing. . 

When the combustions are completed the weighing apparatus 
is detached from its train and the outlet of the train is closed 
with a glass plug. The weighing apparatus from each train is then 
connected to a tower, of the style shown in Fig. 3, which is filled 
with small pieces of caustic potash. Air is then drawn through 
this tower into the weighing apparatus for ten minutes to remove 
oxygen. The apparatus and its tare are next carefully wiped 
with a clean linen handkerchief and are placed in the balance 
case for weighing. The inlet and outlet of the weighing appara- 
tus are kept closed with rubber caps except during weighings or 
when attached in the train (Fig. 4). 

The method of using an exact duplicate of the weighing ap- 
paratus for a tare exposes the same amount of surface to the air 
during weighings and avoids the use of the larger weights. 

Single combustions by this process have been made in this 
laboratory in fifty-five minutes. 

As previously stated the porcelain tubes are kept red hot 
throughout one-half their length night and day so that the com- 
bustion commences in a minute or two after the boat is inserted 
and the combustion tube is stoppered. The remaining burners 
are lighted immediately after the tube is closed. 

The red lead used in this work must be thoroughly mixed and 
ground free of lumps before its carbon content is determined. 
The so-called pure red lead costing about 9 cents per pound in 
fiftv-pound lots is found satisfactory for the purpose. Blank 
combustions with 4 grams of red lead are at present yielding 
6 mg. of carbon dioxide which are deducted from each deter- 
mination. Blank combustions or analyses of standard steels 
should be made each day. The red lead is kept in tightly stoppered 
bottles. 

The method of weighing the carbon dioxide obtained in the red 
lead combustions as barium carbonate was tried for several 
months. As it is not necessary to dry the carbon dioxide in this 
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modification of the red lead method, the carbon dioxide was 
passed through a cylinder illustrated by Fig. 3 filled with granu- 
lated zinc to remove litharge fumes, and from thence the carbon 
dioxide entered the absorbing apparatus which consisted of 
two 254X25.4 mm. test-tubes connected in tandem and con- 
taining barium hydroxide solution. The solution in the first 
tube converts the bulk of the carbon dioxide formed into barium 
carbonate but in the higher carbon steels a little escapes into the 
second tube. 

The barium carbonate is filtered through 12-cm. filters re- 
inforced at the apex by a piece of cheese-cloth. The precipitate 
is washed thirty times with distilled water, allowing each washing 
to be drawn off by slight suction. 

The cheese-cloth is removed and the precipitate is ignited and 
weighed. From this weight the amount of barium carbonate 
formed from the impurities in the red lead and that obtained from 
the unavoidable exposure of the excess of the hydroxide during 
filtration and washing is deducted. From the net weight of 
barium carbonate the percentage is calculated. 

The barium hydroxide solutions are prepared by dissolving, or 
nearly dissolving, 200 grams of barium hydroxide crystals in four 
liters of water. It is filtered by suction through a paper pulp 
filter and preserved with the usual precautions. The test-tubes 
for the solution are provided with 30 cc. and 70 cc. marks. The 
pair of tubes constituting the absorption pair are filled to the 30 ce. 
marks with water and the barium hydroxide solution is then 
poured in until the 70 cc. marks are reached. 

A protracted comparison of the two gravimetric processes de- 
scribed in this paper extending over a period of several months 
was made. The method whereby the resultant carbon dioxide 
was weighed as barium carbonate checked excellently with the 
one in which the carbon dioxide was absorbed and weighed in the 
apparatus shown in either Fig. 2 or in the termination of the 
train, Fig. 4, agreeing within 0.01 per cent. or less. The latter 
process is preferred as requiring less manipulation, less oxygen, 
and less time. In the barium carbonate method it was necessary 
to force the oxygen through the safety apparatus (Fig. 1) at the 
rate of 38 bubbles per ten seconds on account of the resistance 
to the passage of the gas through the absorption test-tubes. 
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The ordinary ten-burner Bunsen combustion furnace is em- 
ployed but with certain alterations to secure higher heating 
power. At the points where the porcelain tubes rest in the ends 
of the furnace these ends are slotted down about 25 mm. This 
permits the tubes to lie well enveloped with the flames. Further, 
under each foot of the furnaces pieces of fire-brick about 28 mm. 
thick are placed. Also the rows of burners are lowered until 
they rest on the laboratory table. To keep the rows vertical 
one burner at each end of the rows is wired to the furnace. This 
lowering of the burners and raising of the furnace frame, by use 
of the fire-brick, improves the draught and secures hot flames 
with a minimum gas pressure. Clay gutters are placed under the 
porcelain tubes to prevent sudden cooling. Strips of wet blotting- 
paper about 25 mm. wide are wrapped around the ends of the 
porcelain tubes to keep the rubber stoppers from burning. The 
ends of these strips dip into suitable vessels of water. 

Porcelain tubes glazed inside only, of 16 mm. inside diameter 
by 600 mm. long, will last from six weeks to two months when 
in use night and day. Flames are always kept under the tubes. 
Such tubes cost about $1.80 each. 

Porcelain boats are cleaned for further use by allowing them to 
stand in nitric acid of 1.20 sp. gr. for some hours. The boats 
are ignited a few minutes in the flame of a Bunsen burner just 
before being used. Porcelain boats 14-15 mm. wide by 70-75 mm. 
long, Royal Meissen brand, are quoted in ten-gross lots at $14.50 
per gross. These boats can be used three times. 

The apparatus shown in Fig. 1 was designed as a_ safety 
apparatus to prevent the potassium hydroxide solution from 
blowing over into the rubber tubing from any cause. The oxygen, 
as it leaves the preheating furnace, enters the chamber E and 
bubbles through chamber F which is filled to one-third its 
capacity with potassium hydroxide solution consisting of one part 
of caustic potash dissolved in two parts of water. F is 35 mm. 
outside diameter by 170 mm. long. Fig. 3 shows a tower or jar 
that is used as a container for small pieces of stick caustic potash 
for purifying the oxygen. The pieces of apparatus shown in Figs. 1, 
3 and 4 were designed by the writer to avoid the use of rubber 
stoppers. 

The following results attest the accuracy of the red lead process: 
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1 Weight Per cent. 
1- Weight of of lead Per cent. carbon by 
in sample oxide carbon by double 
§ Name of sample. taken. used. red lead, chloride. 
ids Grams, Grams. 
: GS. Co. Carnon: Steely... i. <55<css50scsive K 9 0.395 0.415 
his : 8 6 
INO: G90: <<05<<ceccnsesscaseccccesonnevensceccees 0.985 0.9 
er, No. 350, tungsten steel 1.285 1.29 
m. No. 353, tungsten steel 1.338 1.354 
til No. 22, high per cent. nickel steel... 0.698 0.696 
‘al NGL TA. SiGe StOCb i... os.cianavcasdsveasss 0.447 0.450 
: eee (2.40 
1s S XIX, high per cent. tungsten steel 12 39 2.35 
3 
se (3 56 
‘5 
MAGIC tA occ. coca Saxasccevcuancsexsteastese a) Hy), - ce 
es ™ ; (3.65 3:59 
he WABI INCA So onc ccenevesseccccaseneyeseess ° 3 3.58 
g- C. B. pig metal A dP 4.01 
% C. B. pig metal 9 Py, 4.04 4.04 
és Soft:O,; Hi. steel: No. 1. ....2545 RCECOR CENCE 6 3 0.192 0.185 
1€ Gott. O.. Hi. steel No. 22... .2...cccceseesove 8 4 0.097 0.077 
Soft O. H. steei No. 6 Ee 0.156 0.145 
t In July, 1901, a sample of steel was sent by Sanderson Bros. 
0 Steel Works to several laboratories. The writer retained a 
“ portion of these drillings for several years. The different labora- 
tories reported as follows: 
O Per cent. carbon. 
5 Atha Steel Works obtaitied:......0<s<.sesccsssescsess 1.25 
' Crescent Steel Works obtained.............ec0000 1,20 
| Park Steel Works obtained 1.214 
. Spaulding Jennings Steel Works obtained...... 1.199 
9) Sanderson Bros.’ Works obtained.................. 1.214 
La Belle Steel Co.’s Works obtained.............. 1.20 
- 3 grams of this sample plus 1.5 grams of red 
lead burned in stream of oxygen gave...... ¥.22 
1 
In March, rgo1, the following parties reported the carbon of 
! another sample of steel: 


Per cent. carbon. 
Booth, Garret: & Blair reported... 5.2: .ccc<deccccssieceecesecsoucess 1.277 

Sanderson Bros. reported.... 
Park Steel Co. reported 





Bethlehem: Steel Co; reported ..<5. <5. case coc cacetscssceccancocous 1.307 
Crescent: Steel Co, fe ported «..cc5..<0.eseccutesscvecseelvacsiaccuces 1.315 
3 grams of this sample decarbonized with 1.5 grams of red 

VeAG Wik les acces cc cccuce cc tens coee ec ecouencsacer anevicerqenqeretuaay 1.305 


The writer has since had occasion to compare results with other 
laboratories covering a range in carbon froni 0. 32 to 1.45 per cent. 
carbon with equally good agreements. 
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CARBON IN FERRO-CHROMIUM. 

In applying the red lead process to ferro-chromium, it was 
found that the maximum carbon in the 65 per cent. chromium 
alloy was obtained by burning the alloy with three to four times 


its weight of red lead. 


Weight of Weight of 
sample taken. red lead used. Per cent. 
Ferro-chrome. Gram. Grams. carbon found, 

SAMPLE TA <.sinsiaescsorevascksoxss I 2 7.26 
BO Riceoacuseseaceaastsaues I 3 7.54 
SE” scueasiweseuneeseseesene I 4 72 
BS We esieaeaaceecoteseveacces 1), 3 772 
AMIS B ce... ccescees eeseces sn 2)/, 7.03 
BT exes aedchcseasssseseeees "ls 4 7.00 
Saini plevG 2, 5.26 secossassciesedss uy ye 6.46 
MSP icaecss dcewencevosaisaiecet u, CWE 6.55 
SamIPlesD ssc Ss<.essssecsene' I I 6.05 
Be RN ostuenss Scrosses arcs iis of 5.17 

SR Beapedaess ecosaeaeecsans I 2 6.403 

JOO terre I 4 7.094 
BOE 1 sca uemaueeyis Ges cbaceaie I 3 715 
Sample i os os 5.50ic68s.te5000: 1 4 7.07 
SEP > a daca edeonspeomaneaes Ms 4 7.18 


In February, 1906, the copper oxide was omitted from one com- 
bustion tube. The space ordinarily occupied with copper oxide 
was filled, loosely, with ignited asbestos. The following results 
indicate that the use of copper oxide in combustions with red lead 


is unnecessary : 








With copper Without copper 
oxide. oxide. 
Sample. Per cent. carbon. Per cent. carbon. 
BIS SECEN vc ecasoeusesees teresseecsarese 1.479 1.477 
No. 288 .. F175 
“cS Reece enonore a eee 0.207 
No. 1193 0.692 
No. 701 0.538 
C No. 2 1.51 
No. 2703 0.309 
INOS scares orca skceseescsestyoarecncns 0.425 0.439 
ORIOLE c.ccccessesesseseves Resaeeseecee 0.396 0.393 
IYO @ FOUG 65s sess ssenessssosinenseanesss 0.401 0.397 
INOS eB OAT 5. cascussescendsesenasanaaeeescs 0.75 0.765 
WOOO 9 occa ckcctnecossscesetccsesecesses 1.281] 1.283 
DVO (OTS 155005 soe0es condeesvscevonsnnses 0.409 0.407 
INO 7 UO ssclodh cosas siossie soesweceseceses 0.481 0.478 
INO; FOL7 oa cocsccscessssecesnseseses os 0.312 0.315 
DI GMFOIS alos jones sauswovanessaresses 0.425 0.43 
INO. JOZO s «cess ccissessseswseseseesesnese 0.431 0.431 
TADS EQOO aos snlcas sick vat scesvsessseseacees 0.73 0.75 
Ferro- IMA PANECKE ..0:5<.00< 60050000560 6.31 6.39 
Mixture of plumbago and clay...45. 96 46.04 
PIS APON .accsccosscccsesoesesse 3.6 3-58 











vas 
1m. 
1eS 








THE NITROMETER. 877 


The omission of copper oxide would permit the use of shorter 
porcelain tubes and shorter combustion furnaces. A red hot body 
of copper oxide hastens breakage of porcelain tubes by causing 
unequal cooling strains when the furnace flames are lowered or ex- 
tinguished for any reason. Since February one tube has been in 
use without copper oxide. The oxide is still retained in the 
companion tube so that daily comparisons have been made. 


LABORATORY OF THE PARK STEEL WORKS, 
CRUCIBLE STEEL CO. OF AMERICA, PITTSBURG, PA., 
April 26, 1906. 


THE NITROPIETER. 
By J. NEWFIELD AND J. S. MARX. 
Received February 12, 1906. 

HAVING occasion to use the nitrometer extensively in our 
work we have made a study of some of the factors which affect 
the results obtained by means of this instrument, especially with 
reference to its use in the analysis of nitrocellulose and other 
explosives. We have used the form known as Lunge’s Improved 
Nitrometer or Gas Volumeter. 

A description of this apparatus is very well given in Sutton’s 
“Volumetric Analysis,” eighth edition, pages 616 to 618. It con- 
sists in brief of a decomposing bulb connected by a heavy rubber 
tube to an overflow. By means of a small piece of rubber tubing 
this bulb can be connected to a long measuring tube graduated 
to tenths of cubic centimeters. Temperature and barometric 
corrections are dispensed with by having a closed tube inserted 
between the measuring tube and its overflow, all three being 
joined together by means of a rubber tube. In this sealed tube 
are 100 cc. of air over mercury at 760 mm. pressure and o° C. 
temperature. Thus when the volume of air in the tube is 100 ce. 
and the mercury column leveled with that in the measuring 
tube, its gas is also under the same conditions of temperature 
and pressure. 

However, it would be difficult and also unnecessary to obtain 
just 100 ce. of air in the sealed tube under standard conditions, 
so a factor is obtained in the following way: Approximately 
100 ce. of air are introduced into the sealed tube, then a weighed 
portion of perfectly pure, dry potassium nitrate is run through 
the apparatus. From its composition 1 gram of the nitrate gives 
221 cc. of nitric oxide gas, under normal conditions. The differ- 
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ence between 221 cc. and what is actually obtained by experi- 
ment ‘‘fixes” the factor which is used in all subsequent deter- 
minations. About 40 to 50 cc. of sulphuric acid are used in making 
a determination. 


EFFECT OF SULPHURIC ACID OF DIFFERENT CONCENTRATIONS. 


Strength of acid. Cubic centimeters of 
Per cent. NO per gram KNO3. 


97.18 221 LE 
96.59 221.08 
94.81 221.09 
94.05 221.10 
93.02 221.60 
90.96 223.43 
85.20 223.61 


As the original factor is fixed by the use of potassium nitrate, 
these results only indicate that changes in the concentration of 
the acid between 97 and 94 per cent. are without effect, but a 
weaker acid gives too high results, probably because it absorbs 
less of the nitric oxide. That the stronger acid absorbs nitric 
oxide was shown by the following experiments: On agitating 


112 cc. of nitric oxide with 40 ce. of sulphuric acid of 97 per cent. 
for three minutes 1 cc. or 0.89 per cent. was absorbed. On 
shaking 112 cc. with 40 ce. of an acid of 85 per cent. 0.5 cc. or 
0.45 per cent. was absorbed. 

Determinations made with acid from 85 to 50 per cent. gave 
widely varying results, indicating that reliable values can not be 
obtained with such weak acids. 

In the analysis of nitrocellulose and similar explosives the 
strength of the acid is even more important, as will be seen from 
the following table: 


Strength of acid Cubic centimeters of nitric 
Per cent. oxide per gram cellulose. 


97.18 199.5 
96.59 199.5 
94.81 199.7 
94.05 197.1 
93-02 193.1 
88.60 147.5 


Here it is evident that an acid weaker than 94.8 per cent. does 
not effect a complete decomposition of the nitrocellulose, probably 
because the weaker acids do not completely dissolve the gun- 


cotton. 
Effect of Temperature.—Between 15° and 40° the temperature 
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at which the decomposition is effected is without appreciable 
effect on the results obtained either with potassium nitrate or 
with nitrocellulose. At 40° or above, loss of nitric acid or oxides 
of nitrogen occurred on the addition of the sulphuric acid, causing 
low results. 

Efject of Time of Agitation.—The following results were ob- 
tained with acid of 97 per cent. at 15°: 


Time of agitation. Cubic centimeters of Cubic centimeters of NO 
Minutes. NO per gram KNO;. per gram nitrocellulose. 

I 221.07 200.8 

2 220:50 = wasasre 

3 220.98 201.9 

5 220.97 201.8 

8 220.92 201.8 


It seems that a complete decomposition of the potassium 
nitrate is secured in one minute, while three minutes should be 
used for nitrocellulose. 

Effect of Pressure.—The following results were obtained with 
acid of 97 per cent. at 15° C., the pressure being roughly calculated 
from the difference in heights of the mercury columns in the 
decomposing and overflow bulbs. 


Cubic centimeters of NO 


Pressure (pounds 
gas per gram KNO;. 


per square inch). 


7 221.73 
14 (normal) 221.03 
30 219.95 


It is seen from the above that the pressure at which the gas 
exists exerts a marked effect on the results obtained. This is 
explained by the fact that the higher the pressure exerted on the 
gas, the more nitric oxide is dissolved in the sulphuric acid. Al- 
ways keeping the gas at a slightly reduced pressure appears to 
give very satisfactory and accurate results. 

Efject of Standing Dissolved in Sulphuric Acid. 
were carried on with the aim in view of determining if there is 
any marked difference in results to be noted when organic nitroge- 
nous bodies are allowed to remain for some time in sulphuric acid 
before decomposing in the nitrometer instead of immediately 
decomposing as is the method employed here. The results 
follow. As will be noticed, some of the samples were allowed 
to stand in ice over night to prevent any possible local heating, 
but the results do not vary much from those which were simply 
allowed to stand over night under ordinary conditions. 


Experiments 
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Second method. 
First method. Standing for twelve hours. 
Decomposing before decomposing. 
immediately. In ice. Not in ice. 


198.1 202.8 202 
Same guncotton... 198.3 201.6 201.6 
198.0 202.3 202.6 
203.8 203.7 
201 208.2 
205.3 
204.3 

203 

205 

204 

205 (in desiccator ) 

196.4 
194.7 
200 205.3 


With a view of determining the cause of the above difference, a 
sample of guncotton weighing 0.6 gram and analyzed in the 
ordinary way (7. e., first method) read 119.7 cc. on the nitrom- 
eter. The gas was run into strong commercial caustic potash 
solution and after saturation the loss of gas was found to be only 


a7 2c. 

Then into this caustic potash solution, saturated with nitric 
oxide, was run the gas obtained from one of the guncottons 
which had been analyzed by the second method and the result 
was as follows: 

First method. Second method. After absorption. 

200 205.3 196.9 
Several checks were made on the above with similar results. 
We know that it is impossible for most of the results obtained 

by the second method to be correct, for extended researches have 
shown that guncotton having a nitration of 204 cc. and upwards 
is not soluble in a mixture of two parts ether and one part alcohol 
and yet all these guncottons tested were practically entirely 
soluble. 

Effect of Other Organic Substances.—The following experiments 
show the effect of the presence of various organic bodies and other 
substances (many of which occur in dynamites and gelatines) 
on the determination of nitrogen by the nitrometer. 

In every case a weighed portion of potassium nitrate (about 
0.55 gram) was taken and from 0.05 to 0.1 gram of substance was 
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added. The mixture was allowed to stand over night in sulphuric 
acid and was then run through the nitrometer. Of course, in 
this case standing over night does not affect the result as there 
is no organic matter present which can be decomposed and the 
small amount of nitric oxide gas lost is constant in all determina- 
tions, including those in which the factors were determined. 
Results are tabulated as follows: 
Result after 


Amount taken. Result with absorption 
Substance. Gram. Resultince. chromic acid. with KOH. 


Resin O.I 212.4 

0.1 219.1 214.9 
Camphor o.1 203.4 

“ I 219.4 199.8 
Sulphur ul 225.3 
15 227.3 
Paraffin O.1 199.5 
0.05 209.5 
Vaseline 0.2 217.6 
es 0.05 218.7 
MgCO, 0.05 223.4 
221.0 


The following can be deduced from the results. All the organic 
compounds, as in 1, 3, 7 and 9, affect the results in such a way as to 
give low values. Paraffin has the greatest effect, then camphor, 
then resin, then vaseline. The effect of adding chromic acid, 
as seen by the absorption results of potassium hydroxide, is to oxi- 
dize some of the carbon to carbon dioxide and thus raise the results, 
but practically no more nitric oxide is obtained by this treatment. 
In the table, 2 and 4 show this. 

The two inorganic substances used, sulphur and magnesium 
carbonate, on the contrary, tend to make the result a little high. 
This is explained in the first case by the formation of a little 
sulphur dioxide and in the second case by the formation of a little 
carbon dioxide which is retained by the sulphuric acid and ex- 
pelled during the violent shaking in the decomposing bulb. This 
latter is similar to the cases already cited where carbon dioxide 
is formed when organic nitrogenous compounds are allowed to 
remain over night in the sulphuric acid before decomposing in the 
nitrometer. 


In summing up the above results we can at once see that the 
nitrometer is a very delicate instrument, by which, when all 
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standard conditions are adhered to, very accurate results may be 
quickly obtained. 

The scope of its usefulness, however, is somewhat limited anda 
great number of details, apparently trivial, affect the results to a 
considerable extent. 


THE DETERIINATION OF SILICA IN IRON ORES CONTAIN- 
ING ALUSIINA. 


By GRAHAM DEAN. 


Received April 18, 1906. 

I HAVE found that if the insoluble residue left on the treatment 
of an iron ore with acids is ignited for a short time the aluminum 
which it contains is converted into a form which dissolves in con- 
centrated hydrochloric acid. On the basis of this fact the follow- 
ing rapid methcd for the determination of silica in such ores 


has been developed. 

One gram of the finely powdered ore is dissolved on the hot 
plate in concentrated hydrochloric acid, using an initial amount 
of 25 cc. Boil until the iron is completely dissolved, adding 
two or three drops of nitric acid near the end. If pyrites is present, 
more nitric acid may be required. Nearly all iron ores will yield 
to this treatment; if an ore does not, the results are worthless. 

Evaporate the solution to dryness, take up the residue with a 
small amount of concentrated hydrochloric acid, boiling till the 
ferric chloride is all dissolved. Dilute slightly, filter and wash 
thoroughly with hot hydrochloric acid (1:1). If a determination 
of alumina is required, this filtrate must be examined as well 
as the solution obtained below. 

Transfer the moist filter and residue to a platinum crucible 
and burn the filter carefully, as usual. Then set the crucible 
upright, put on the cover and ignite for two or three minutes 
over a Dangler burner. I have found that the proper temperature 
is best secured in a dull or carbon covered platinum crucible. 
The ignition must not be continued too long and the temperature 
must be properly regulated.1 I have repeatedly attempted to 

1 Dr. Hillebrand explains the results obtained by Mr. Dean by calling 
attention to the fact that the aluminum of kaolin is rendered soluble in 
hydrochloric acid by gentle ignition. See McNeil: This Journal, 28, 592. 
If the ignition is too intense, the aluminum becomes insoluble again. If 
this explanation is correct, the method would not be reliable for ores con- 
taining other silicates than kaolin.—EDITOR. 
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obtain good figures by use of bright and shining platinum crucibles. 
but have never been able to do so. 

When cold the contents of the crucible are transferred to a 
beaker, the cake pulverized with a glass rod and digested for 
seven or eight minutes with boiling concentrated hydrochloric 
acid.! The residue should feel soft and mushy under pressure 
unless the silica of the ore existed as free sand. Dilute slightly, 
filter and wash thoroughly. The filtrate may be combined with 
the first filtrate for the determination of aluminum. The residue, 
after ignition, may be considered as practically pure silica. 

The precipitation of the alumina by phenylhydrazine,’ I have 
found most satisfactory. 

The figures given below are an average set selected from a 
large number of experimental determinations made with Mesabi 
ores containing in some instances a high percentage of alumina, 
a large portion of which was proved to be retained in the residue 
previous to separation and extraction. The results under the 
heading ‘‘Ignition”’ were obtained by the method given above. 

Sodium carbonate. Hydrofluoric 
Ignition. fusion. acid. 
12.83 12.94 
22.82 22.99 
17.40 56 
5.00 10 
6.00 -99 
13.80 70 
9.92 10.06 


a 
wouanunn 


je) 


The following amounts of alumina were found in residues ob- 
tained by the new method: 0.06, 0.04, 0.10, 0.11, 0.02, 0.07, 
0.05, 0.09 and o.10 per cent. Before the separation by ignition 
and treatment with hydrochloric acid the residues retained from 
4.25 to 10 per cent. of alumina. It is evident that the separation 
is sufficiently complete for technical purposes. 


OLIVER IRON MINING CoO., 
HIBBING, MINN. 

'One-fourth gram of potassium chlorate added at this stage will give 
slightly higher alumina results, which are also more concordant with fusion 
alumina. No time is lost, since the seven or eight minutes allotted will 
suffice to remove chlorine from the solution as well as alumina from residue. 

* Campbell and Hess: This Journal, 21, 776. E. T. Allen: Ibid., 25, 


423. 
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THE preparation of quinazolines from 6-nitroacetanthranil 
and primary monamines has been reported from this laboratory 
in previous papers,*® the reactions involved being as follows: 


~4 N—COCH, JD / Nh 
L 


| seve [ [oO 
\“\ co L een 
| es 


NO, NR’ 
NO, 
ia alles tiie 
| | +H,0. 


n ll 
NO, O 


From an examination of these reactions it will appear that a 
similar condensation should occur with hydrazine, giving rise to 
aminoquinazolines and diquinazolyls: 

N—CO.CH, N—C—CH, 

Poly ical © bia? a 7 

/ 


' | | y, 
4 Neo : \co—N—NH, 
NO, NO, 


1 The previous papers have appeared in this Journal, under various head- 
ings as follows: 22, 129, 522 (1900) ; 23, 611 (1901); 24, 1031 (1902); 25, 
372, 935 (1903): 27, 649, 1127, 1293, 1302, 1305. 1327 (1905); 28, 94, 207 
(1906). 

2 Read at the meeting of the New York Section of the American Chem- 
ical Society, April 6, 1906. 

3 Bogert and Chambers: This Journal, 27, 649; Bogert and Seil : Ibid., 
27, 1305 (1905). 





RESEARCHES ON QUINAZOLINES. 


vi 
Paes Nc_cH, 
| | +H,0, 


| 
a 
NO, 


2 a 


ail rh 
NO, 


N 
CO—CH,  CH,—Cc% WS 


Df 
| | # | 
\“\co—NH 

NO, 





Ps nen 
NO, 

Dh oe G4 BOO SAS 

= u | | +H,0; 

\A7\c0%~ a 

NO, NO, 





N—COCH, 
fF | 


| | 
tee 
| CO 


NO, 


+N,H,= 





MARSTON T. BOGERT AND HARVEY A. SEIL. 


x we CH, CH, ., 
EN Ee 
| —_ 


On testing this experimentally, such was found to be the case, 
as both the aminoquinazoline and the diquinazolyl were ob- 
tained. 

When equal molecules of the anthranil and hydrazine were 
used, the former being added gradually to the latter, the amino- 
quinazoline was the chief product. With two molecules of the 
anthranil to one of the hydrazine, adding the latter gradually 
to the former, the chief product was the diquinazolyl. The 
diquinazolyl was also produced by condensing the aminoquinazo- 
line with a second molecule of the anthranil, but the yield by this 
method was poor. 

The aminoquinazoline is easily separated from the diquinazolyl 
by its solubility in dilute alcohol. Its hydrochloride, chlor- 
platinate, diacetyl derivative, bromdiacetyl derivative, phenyl- 
hydrazinophenylhydrazone and uramino derivative were prepared 
and studied, as well as its behavior with potassium hydroxide, 
with chloroform and potassium hydroxide, and with benzaldehyde. 
The action of nitrous acid upon it is now being investigated, 
and the results will be reported later. 

The diquinazolyl is difficultly soluble in most of the ordinary 
solvents, is not easily attacked by either acid or alkali, and forms 
no bromine derivative. With excess of acetic anhydride, addition 
apparently occurs on one nucleus only. 

EXPERIMENTAL. 


2-Methyl-3-amino-5-nitro-4-ketodihydroquinazoline, 


(Y N\ o_cH, 


| 
N—NH, 
Yeo” : 
NO, 
—This was prepared by adding 6-nitroacetanthranil to the 
calculated quantity of hydrazine hydrate in 33 per cent. aqueous 
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solution. Reaction took place immediately, as was shown by 
the heat developed and the change in color from yellow to white. 
After boiling for a few minutes, to convert any amide to quinazo- 
line, the solution was evaporated almost to dryness and filtered. 
The crude aminoquinazoline, yellow in color, was washed with 
dilute acetic acid, to remove any excess of base, and then ex- 
tracted several times with water and finally with a mixture of 
alcohol and water. In this way it was separated from the di- 
quinazolyl present. On evaporating the combined extracts to 
small bulk and allowing the solution to stand, beautiful, long, 
pink prisms of the aminoquinazoline were obtained, which, 
when treated with bone-black and recrystallized from dilute 
alcohol, appeared in long, colorless prisms. The aminoquinazo- 
line is moderately soluble in water, alcohol or acetone; slightly 
soluble in chloroform or benzene; and almost insoluble in ether. 
It melts at 152-153° (corr.). 
Calculated for C,H,O,N,: C, 49.09; H, 3.63; N, 25.45. Found: 
C, 48.91 and 48.86; H, 3.60 and 3.51; N, 25.46 and 25.43. 
Hydrochloride.—Hydrochloric acid was added to a saturated 
aqueous solution of the aminoquinazoline. Small crystals 
separated at once, which gradually grew into flat, glistening plates. 
The hydrochloride is insoluble in water, but soluble in dilute 
hydrochloric acid, from which it can be recrystallized. It is not 
hydrolyzed by boiling water, and melts at 253-254° (corr.). 
Chlorplatinate.—The aminoquinazoline forms a chlorplatinate 
when chlorplatinic acid is added to an alcoholic solution acid 
with hydrochloric acid. Some reduction always occurs, and the 
yellow crystals of the chlorplatinate are thereby contaminated 
with metallic platinum. A pure sample for analysis could not 
be prepared. 
2-Methyl-3-diacetylamino-5-nitro-4-ketodthydroquinazoline, 


N 
/\/~ \Nc—cn, 


| | 

N —N(COCH 
—The aminoquinazoline was dissolved in an excess of acetic 
anhydride, solution taking place gradually. The excess of 
anhydride was evaporated and the residual heavy syrup allowed 
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to crystallize. It was then dissolved in alcohol and allowed to 
cool slowly. Long, fine, white needles separated, melting at 
233° (corr. ). 
The diacetyl derivative is insoluble in water, moderately 
soluble in hot alcohol, but practically insoluble in cold alcohol. 
Calculated for C,,H,,O;N,: N, 18.42. Found: N, 18.74. 
Brom-2-methyl-3-diacetylamino-5-nitro-4-ketodthydroquinazoline, 


ON. /N=C-CH; 


C,H. | 
Br’ -\CO—N—(COCH,), 


—Attempts to brominate the aminoquinazoline in aqueous 
solution gave negative results. A dark brown gummy mass was 
obtained, from which no pure substance could be isolated. Bromina- 
tion of the diacetyl derivative, however, proceeded smoothly. 

The aminoquinazoline was dissolved in acetic anhydride, and 
bromine dissolved in acetic anhydride was added to the warm 
solution until on gentle warming the color was no longer dis- 
charged. The bromine derivative precipitated as a white compact 
powder. The solution was allowed to cool, the precipitate 
filtered out and crystallized from dilute alcohol. Small yellow 
crystals resulted, which softened at 105° and melted at 110° 
(corr. ). 

Calculated for C,,H,,O;N,Br: N, 14.62; Br, 20.88. Found: N, 
14.93; Br, 20.60. 

Phenylhydrazone of 2-methyl-3-phenylhydrazino-5-nitro-4-keto- 


dihydroquinazoline, 
YN 
oe \c—cH, 


L A : /N—NH-NH—GHs 


. ] 

NO. N—NHGH, 
—This derivative was prepared by two methods: (1) by boiling 
the aminoquinazoline directly with phenylhydrazine; and (2) 
by dissolving the aminoquinazoline in acetic acid, adding an 
acetic acid solution of phenylhydrazine, and boiling the solution 
for an hour. 

(1) The aminoquinazoline was warmed gently with an excess 

of phenylhydrazine. When boiling commenced the flame was 





to 
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removed, the heat of reaction sufficing to maintain the boiling 
for several minutes. The reaction was completed by a further 
boiling over the flame for a few minutes. Ammonia was evolved 
during the reaction. The solution was acidified with dilute 
acetic acid, evaporated to small bulk, the residue taken up with 
alcohol, and the solution treated with bone-black. On standing, 
large, white, lustrous plates separated, melting at 124-125° 
(corr. ). 

(2) The aminoquinazoline was dissolved in acetic acid, alcohol 
and an excess of phenylhydrazine in acetic acid were poured in, 
and the mixture heated on the water-bath for an hour. Sufficient 
alcohol was added to yield a clear solution, and the whole set 
aside to crystallize. The crystals which separated corresponded 
entirely with those obtained by the first process. 

Calculated for C,,H,,O,N,: N, 24.43. Found: N, 24.75. 

2-Methyl-3-uramino-5-nitro-4-ketodthydroquinazoline, 


ea S \o_cH, 


L A» / N-NH—CO—NH, 
) CO 
NO, 
—An acid solution of the aminoquinazoline was treated with 
potassium cyanate, but no reaction occurred, and the amino- 
quinazoline was recovered unaltered. 

The uramino compound was obtained, however, by condensing 
the nitroacetanthranil with semicarbazide, the reaction being 
entirely analogous to that between hydrazine and the acetanthranil 
by which the aminoquinazoline is formed. The crude product 
melted at 263-264° (uncorr.). 

Calculated for C,,H,O,N;: N, 26.61. Found: N, 26.48. 

Not enough of the material was prepared to purify it further, 
as we were running short of our 5-nitroacetanthranil. The 
experiment, was therefore, continued with 4-nitroacetanthranil. 


2-Methyl-3-uramino-7-nitro-4-ketodthydroquinazoline, 


“NY i 


= N—NH—CO—NH, 
el : 
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—Like the 5-nitro compound, the 7-nitro-3-amino-2-methyl-4- 
ketodihydroquinazoline (this compound will be described more 
fully in a subsequent paper) gave no uramino derivative when 
treated in acid* solution with potassium cyanate, the amino- 
quinazoline being recovered unaltered. 

The 4-nitroacetanthranil was then treated with an aqueous 
solution of semicarbazide in slight excess. At first no change 
was noted, but on heating vigorous reaction commenced and the 
whole mass finally solidified. After removing the water by 
filtration, the residue was washed with dilute acetic acid and 
crystallized from boiling water. Masses of fine, white, silky 
crystals separated in clusters, melting at 266° (corr.). 

Calculated for C,,H,O,N;: N, 26.61. Found: N, 26.24. 

An aqueous solution of the substance gave a white flocculent 
precipitate when treated with bromine water. 

The condensation of the nitroaminoquinazolines with thio- 
semicarbazide gave dark colored products, from which we were 
unable to separate any pure substance. 

By the condensation of the uramino side chain in the above 
compounds with the adjacent keto group, a new triazine ring 
should be formed : 


/N=C-CH, N= C—CH, 
O,N.CoHaC | O,N.C.HAC | 
CNN a C— 8 = 
| | Il NH 
1: N—CO”% 
H, N—CO 
NCC, 
O.N.C,HS 
8 
| Sn 
N—cF 
OH 


So far, our efforts to accomplish this condensation have been 
futile. The uramino compound was boiled with 20 per cent. 
hydrochloric acid, with phosphorus oxychloride (alone, and in 
nitrobenzene solution), with a mixture of phosphorus oxychloride 
and pentachloride, and with acetic anhydride in excess. Long 
boiling with the hydrochloric acid ruptured the miazine cycle, 
and hydrolyzed the compound completely to the nitroanthranilic 
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acid. The results of boiling with the phosphorus halides were 
likewise disappointing, charring taking place in every case. 
When the uramino-7-nitro compound was boiled with excess of 
acetic anhydride for half an hour, solution occurred slowly. When 
a clear solution was obtained, it was allowed to cool, and the 
anhydride hydrolyzed by water. This acetic acid solution was 
then nearly neutralized with caustic alkali and allowed to stand 
for some time. White crystals of 2-methyl-3-diacetyluramino-7- 
nitro-4-ketodthydroquinazoline were deposited, melting at 229- 
230° (corr.). 

Calculated for C,,H,,0,N;: N, 20.17. Found: N, 20.08. 

OTHER REACTIONS OF 2-METHYL-3-AMINO-5-NITRO-4-KETODIHYDRO- 
QUINAZOLINE. 

In addition to the above, the aminoquinazoline exhibited 
other characteristic aniline reactions. With chloroform and 
potassium hydroxide solution, an isonitrile odor was obtained. 
With benzaldehyde, condensation occurred, apparently with 
formation of the benzylidene derivative, but the product was not 
analyzed. The aminoquinazoline was not affected by cold 
potassium hydroxide solution, but on warming it slowly dissolved 
in the alkali with a purple-red color and without liberation of 
ammonia. On neutralizing the alkaline solution with acetic 
acid, a light yellowish green fluorescent color appeared, and 
brownish crystals slowly separated from the solution. These 
were soluble in water, contained nitrogen, and melted at 259- 
260° (uncorr.), but were not obtained in sufficient amount to 
identify. 

2,2’-Dimethyl-5,5’-dinitro-4,4’-diketotetrahydrodiquinazolyl, 

CH, CH, 
Ng | | UN 
Fie Nc CF a ti 
Ce = er 
\/\co% Neo SN 
NO, NO, 


—In preparing the aminoquinazoline from 6-nitroacetanthranil 
and hydrazine hydrate, the anthranil was added to the hydrazine 
solution in order to keep the latter always in excess, and thus 
insure a monomolecular condensation. In preparing the di- 
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quinazolyl, on the other hand, the hydrazine hydrate was added 
to the anthranil, so that the anthranil might always be in excess 
and a dimolecular reaction secured. 

The hydrazine hydrate was added to the finely powdered 
anthranil with constant stirring, and the solution was gently 
heated. The product of the reaction formed a compact yellow 
mass at the bottom of the beaker. This was filtered, and the 
residue boiled with dilute alcohol to remove any aminoquinazo- 
line, and finally washed with dilute potassium hydroxide solution 
to remove any 6-nitroacetanthranilic acid which might have been 
formed from the excess of anthranil. The residual diquinazolyl 
was crystallized from a mixture of alcohol and acetone. 

It forms smail, granular crystals, which melt at 306°. It is not 
affected by acids or alkalies, and apparently forms no bromine 
derivative. 

Calculated for C,,H,,O,N,: C, 52.74; H, 2.94; N, 20.58. Found: 
C, 52.32 and 52.21; H, 2.89 and 2.73; N, 20.35 and 20.15. 

This same diquinazolyl was obtained by condensing the amino- 
quinazoline with another molecule of the acetanthranil, but the 
yield by this process was very poor. 

Acetic Anhydride Addition Product of the Diquinazolyl.—When 
the foregoing diquinazolyl was boiled with excess of acetic an- 
hydride, it was slowly dissolved. On cooling, cubical crystals 
separated, which softened at 223° and melted at 228° (corr.). 

This may be a substance analogous to that obtained by Heller’ 
on treating orexine with benzoic anhydride, and to which he 
ascribed the following formula: 

oo 


N 
/\/” \cH—o—CO—C,H, 


| 


Like 

Ach, 

Great difficulty was experienced in analyzing both the di- 

quinazolyl and its acetic anhydride addition product. In both 

cases the carbon turned graphitic. The acetic anhydride addition 

product exploded unless the heating was very carefully con- 
' Ber. 37, 3114 (1904). 
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ducted, and even then no satisfactory analysis could be secured, 
the results, however, indicating quite clearly that only one mole- 
cule of acetic anhydride had been added to the diquinazolyl. 


HAVEMEYER LABORATORIES, 
COLUMBIA UNIVERSITY, 
April, 1906. 


A REVIEW OF RECENT PROGRESS IN PHYSICAL 
CHEMISTRY. 


By GILBERT N. LEWIS. 
Received May 19, 1906. 


It 1s becoming more difficult year by year to make a satis- 
factory survey of any given field of scientific investigation. In 
the last year 1644 articles were classed as physico-chemical and 
abstracted in the Physikalisch-chemisches Centralblatt. To 
attempt anything like a summary of this enormous mass of 
literature would be absurd. I shall only try in a fragmentary 
way to touch upon some of the larger problems of general chem- 
istry and a few of the more noteworthy contributions toward their 
solution. As is customary in these reviews I shall consider only 
the work done in foreign lands, and I shall further restrict the 
field by omitting any reference to the modern developments in 
radioactivity and the theory of electrons, for I fear that if I should 
embark upon this fascinating subject little space would be left 
for the older problems of our science. 

In no other line of physico-chemical research during the past 
year has there been more satisfactory progress than in the deter- 
mination of the so-called free energy of chemical reactions, nor 
is there any work of greater importance than this to be done. 
Complete tables for free energy such as we now have for the heat 
of chemical reactions would permit the technical chemist to 
calculate at once the maximum amount of work which he could 
hope to obtain from a given reaction or the minimum amount of 
work necessary to effect it. It would enable the student of pure 
chemistry to predict under given circumstances just what re- 
actions could occur and how nearly they would run to an end. 
It would be the first step towards a fuller knowledge of chemical 
affinity. 

Since mechanical power is now the most valuable of all com- 
modities, the great technical problem of the day is to obtain from 
the combustion of coal the largest possible amount of available 
work. Many attempts have been made to construct a galvanic 
cell which will consume at one electrode the oxygen of the air, 
at the other some kind of fuel. Several of these attempts such as 
the carbon monoxide cell of Borchers and the coke cell of Jacques 
have at first appeared successful, but in every case it has been 
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shown that the electromotive force obtained was the result either 
of thermal effects, or of some secondary reaction, and was not due 
to the combustion of the fuel. Haber and Moser (Z. Elektrochem, 
II, 593 (1905)) have now succeeded in measuring at 445° and at 
518° the electromotive force of a cell in which carbon monoxide 
and oxygen combine reversibly to form carbon dioxide. Since 
the cell which they constructed is very polarizable, and gives its 
maximum electromotive force only when the feeblest currents 
are allowed to pass, it cannot be regarded as a very great step 
towards the perfect technical fuel cell. Still this work, together 
with previous data concerning the equilibria between carbon, 
oxygen, carbon monoxide and carbon dioxide, with which it 
stands in close agreement, and with the recent work of Lowenstein 
(Z. physik. Chem. 54, 706 (1905)) on the dissociation of carbon 
dioxide between 1500° and 2000°, permits now a reliable calcula- 
tion of the inaximum work that we may hope to obtain, at any 
temperature, from the combustion either of coal or of carbon 
monoxide. 

Hardly less important than the free energy of the formation of 
carbon dioxide is the free energy of formation of water. This isa 
quantity which until within a year has been regarded as known 
with fair accuracy. The hydrogen-oxygen cell, which was first 
studied by Grove in 1839, has since been the subject of numerous 
investigations. Its electromotive force was repeatedly found to lie 
between 1.08 and 1.12 volts. Very recently Westhaver (Z. physik. 
Chem. 51, 65 (1905), uSing iridium electrodes instead of platinum, 
obtained a very well defined value of 1.06 volts. What the 
true significance of these values may be is a very interesting 
question, but it is now certain that they in no case represent the 
maximum electromotive force corresponding to the reversible 
union of oxygen and hydrogen to form water. The true value is 
undoubtedly a tenth of a volt higher than the highest of these. 
Nernst and von Wartenberg (Géth. Nachr. 1905, Heft 1), from the 
dissociation of water vapor at high temperatures, obtain 1.23 
volts for the true electromotive force of the hydrogen-oxygen 
cell at 25°, while in this country the almost identical value, 1.22 
volts, has been obtained by an entirely different method. The 
method of Nernst and von Wartenberg consisted in passing water 
vapor through a porcelain tube heated to a constant temperature 
between 1000° and 2000° and then through a capillary in which 
it was very rapidly cooled. From the quantity of hydrogen and 
oxygen left the dissociation of water vapor at the temperature 
of the hot tube was calculated. It amounted to about 0.02 pet 
cent. at 1500° and o.2 per cent. at 1800°. These values agree 
with others obtained with a different method by Léwenstein 
(Z. physik. Chem. 54, 706 (1905)) who also worked in Nernst’s 
laboratory. In order to calculate from the degree of dissociation 
at these high temperatures that at ordinary temperatures it is 
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necessary to know not only the heat of formation of water at 
ordinary temperatures but also the specific heats of the reacting 
substances throughout the whole temperature range. The specific 
heats of gases at high temperatures have hitherto been only 
roughly determined through a study of the maximum pressure 
developed in explosions. This gap is now being filled. Holborn 
and Henning (Ann. Physik. [4] 18, 739 (1905)), at the Reichsan- 
stalt, have recently made a thorough series of calorimetric deter- 
minations of the specific heat of water vapor between o° and 800°. 

Another equilibrium of great importance both to technical 
and to theoretical chemistry has been very thoroughly studied 
during the past year. This is the equilibrium between sulphur 
trioxide on the one side and sulphur dioxide and oxygen on the 
other. Bodenstein and Pohl (Z. Elektrochem. 11, 373 (1905)),ina 
very complete investigation, applied successfully both the mass 
law and the equation (isochore) of van’t Hoff to this reaction be- 
tween 500° and goo°®. Their results have been further corrob- 
orated by the independent work of Lucas (Z. Elektrochem. 11, 
457 (1905)) and these two investigations taken with the earlier 
work of Knietsch (Ber. 34, 4093 (1901)), Bodlander and K6pper 
(Z. Elektrochem. 9, 789 (1903)), and Lunge and Pollit (Z. angew. 
Chem. 15, 1105 (1902)), establish within a small margin of error 
the data which will be fundamental in computing the free energy 
of all the sulphates, and which at the same time are of the highest 
importance for the practical development of the sulphuric acid 
industry. 

The commercial manufacture of ammonia from its elements 
appears now to be not only a possibility but a probability. The 
difficulty at present lies in the fact that at temperatures of 1000° 
or over, where equilibrium is quickly reached, the elements show 
but a slight tendency to combine and the yield of ammonia is 
small. On the other hand, at lower temperatures where the 
combination would progress much further, the reaction is ex- 
ceedingly slow. The problem here is simply to find a catalyzing 
agent which will take the réle that platinum takes in the oxidation 
of sulphur dioxide, and enable the reaction to take place rapidly 
at a temperature where the yield is large. Haber and van Oordt 
(Z. anorg. Chem. 43, 111 and 44, 341 (1905)), who have investigated 
fully the equilibrium between ammonia and its elements, have 
sought such a catalyzer in some metal which will unite rapidly 
with nitrogen to form the nitride but from which the nitrogen 
can be withdrawn by a current of hydrogen. They have so far 
investigated calcium and manganese but neither of these proves 
to be the right substance. 

Much of our earlier knowledge of equilibria at high tempera- 
tures was obtained by analysis of the products of explosions. 
Nernst (Z. anorg. Chem. 45, 126 (1905)) and Finckh (Z. anorg. 
Chem. 45, 116 (1905)) have both shown the unreliability of this 
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method. Its validity depends in fact upon the rather unlikely 
assumption that equilibrium is reached at the moment of maxi- 
mum temperature and that it does not have time to change 
during the cooling that follows. Nernst shows, however, that by 
observing the maximum pressure produced by the explosion a 
knowledge of the equilibrium may frequently be obtained. 

The whole subject of equilibria between gases at high tem- 
peratures has been most admirably presented by Haber (‘‘Thermo- 
dynamik Technischer Gasreaktionen,’”’ R. Oldenberg, Munich 
and Berlin (1905)) in a treatise on ‘‘The Thermodynamics of 
Technical Gas-reactions.”” This book from an acknowledged 
master of both theoretical and applied chemistry contains a lucid 
exposition of the problems and recent developments in this im- 
portant field. It is a pleasure to learn that a translation into 
English is soon to appear. 

Of the investigations of free energy and chemical equilibrium 
at ordinary temperatures perhaps the most interesting is one by 
Luther and Sammet (Z. Elektrochem. 11, 293 (1905)); (Sammet : 
Z. phystk. Chem. 53, 641 (1905)) concerning the reactions, 

HIO,+ 5HI 5+ 31,+3H,O 





and 
HBrO,+ 5HBr 5+ 3Br,+3H,O. 

Both of these reactions run so nearly to an end that all the 
reacting substances cannot exist together at concentrations 
which can be determined by analytical methods, but it was found 
possible in the first case to determine the equilibrium by using 
as the: source of iodide ion the difficultly soluble silver iodide 
whose solubility product is known. ‘The iodide ion concentration 


was then so small that the remaining substances (IO,,H,I,) : 
taking part in the reaction existed in equilibrium in quantities 
sufficient for analytic determination. Equilibrium was reached 
at 25° in seven weeks, at 60° in four days. At each temperature 
the mass law was followed, according to the equation, 

H*)(1O,)(1)s __ K 


( c ’ y 
(1) 
V 
] 





and the values of K found for the two temperatures were con- 
sistent with the equation of van’t Hoff. The same reaction was 
studied in an independent way by the determination of the 0 


electromotive force of the cell Pt(IO,;H;I,)—(I,;]I) Pt. This was 
found by direct measurement to be 0.549 volt, while from the 
ralue of K the authors calculated likewise 0.549 volt, a re- 
markably good agreement. Furthermore, the electromotive force y 
of this cell varied with varying concentrations of the different 
substances in good agreement with theory. Theory demands 
that the oxidation potential of any oxygen acid such as per- 
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manganic, chromic, ete., should depend upon the concentration 
of the hydrogen ion, but this is the first case in which it has been 
found possible to verify this theory and obtain a truly reversible 
potential. It is indeed the first time that any single reversible 
potential has been measured, which depends upon the concen- 


tration of three substances (1O,;H;]I,). 

In the midst of this rapid progress toward a fuller knowledge 
of chemical affinity it is with something of a shock that we read 
(DeForerand, Compt. rend. 139, 906 (1904)) that Berthelot’s prin- 
ciple of maximum work is the only sure guide to chemical 
affinity. In another article (Compt. rend. 139, 908 (1904)) the 
same author (DeForcrand) admits that there are slight correc- 
tions to be applied in using this principle, but maintains that 
only from the heat of reaction can we predict whether or not a 
reaction will occur. There is something pathetic in this loyal 
allegiance to a lost cause. Experiments are now being ex- 
tended to temperatures at which the principle of Berthelot can 
only be true in rare cases. Indeed at the temperature of the 
electric furnace it will probably be found a pretty general rule that 
only those reactions occur which are accompanied by an absorption 
of heat. 

But while denying the factitious importance given to thermo- 
chemical data by the principle of Berthelot there is danger that 
we may underestimate their real value. In the future these data 
will be required especially in calculating the conditions of chemical 
equilibrium at one temperature from those at another, and there 
is even now an immediate need for an accurate revision of thermo- 
chemical measurements, for even such important data as the heat 
of formation of water and hydrochloric acid are known with little 
accuracy. That it is possible with methods now available to 
make much more accurate thermochemical measurements than 
the majority of those that are to be found in the literature is 
shown by an investigation of Wormann (Ann. Physik. [4] 18, 
775 (1905), and Inaug. Dissert. Mtinster i. W. (1905)) upon the 
heat of neutralization of strong acids and bases and its change 
with the temperature, the latter being found to be almost ex- 
actly linear. The results obtained have furthermore an intrinsic 
value in that they permit the calculation of the degree of electro- 
lytic dissociation of water at all temperatures from the degree 
of dissociation at any one temperature. 

At the same time new improvements are constantly being 
made in calorimetric methods and new investigations on the 
fundamental units of energy. Dieterici (Ann. Physik. [4] 16, 
593 (1905)) and Behn (Ann. Physik. [4] 16, 653 (1905)) have 
Studied the ice calorimeter and have obtained independently 
almost identical values for its characteristic constant. They 
both determined also the ratio between the mean calorie and the 
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15° calorie and their results agree closely with each other and 
with the work of Barnes. Dieterici investigated the specific heat of 
liquid water throughout the whole range from o° to 300°, and 
incidentally found a value for the mechanical equivalent of heat 
which agrees well with the best previous results and for which 
the author claims an accuracy within 0.05 per cent. 

Dewar (Proc. Roy. Soc. 76 A, 325 (1905)) has continued his 
researches upon the liquid air and the liquid hydrogen calorim- 
eters and shows that with the former it is possible to detect 
0.02, with the latter 0.003 of a gram-calorie. With these calorim- 
eters he has determined the specific heats of several substances 
at low temperatures. The value for diamond between —188° 
and —-252.5°—namely, 0.0043—1is the smallest that has been ob- 
tained for any solid substance. Dewar (Proc Roy. Soc. 74 A, 
122 (1904)) has also continued his investigations on the absorp- 
tion of gases by charcoal at low temperatures, and finds that this 
absorption increases rapidly with decreasing temperature. The 
author might have predicted this thermodynamically for he has 
found that the absorption is always accompanied by a considerable 
evolution of heat; indeed, this heat in the case of hydrogen, nitro- 
gen and oxygen is greater than the heat of liquefaction. This 
phenomenon is doubtless closely connected with the evolution 
of heat which has been observed at ordinary temperature when 
fine powders, such as silica or charcoal, are moistened with liquids. 

Other interesting work at low temperatures has been done by 
Valentiner (Ann. Physik. [4] 15, 74 (1904)), who has determined 
the ratioC,/C, for nitrogen, at the temperature of liquid air, where 
it behaves like a pretty imperfect gas, and by Olszewski (Anza. 
Physik. [4] 17, 986 and 994 (1905)) who attempted to liquefy 
helium by allowing it to cool by sudden expansion from 180 
atmospheres at —259°. In this process the author estimates 
that the gas was cooled to within 1.7° of the absolute zero but no 
sign of liquefaction appeared. 

Turning to the subject of reaction velocity, we find a large 
and rapidly accumulating mass of literature, much of which is 
of a character too detailed for discussion in a review of this kind; 
nor are there lacking articles in this field which contain specula- 
tions of such fantastic character that they threaten to retard 
rather than promote real progress. 

An interesting point in the general theory of reaction velocity 
is raised by Brunner (Z. physik. Chem. 51, 106 (1905)), who 
shows the untenability of the commonly accepted notion that the 
velocity is proportional to the quotient of the driving tendency 
of the reaction, as measured by its free energy, divided by a 
certain more or less constant chemical resistance. Brunner 
points out that at the beginning of a reaction, before any of the 
products are formed, the momentary tendency to react is infinite 
while the velocity is undoubtedly always finite. 











~“—@§ Ory wet is CU le 


at 


m 
wi 


otl 
pl 
act 
ph 
Bo 


anc 
pos 
eno 








nd 
of 
nd 
at 
ich 


his 
m- 
RCE 
im- 
ces 
88° 
ob- 
A, 
T'p- 
his 
[he 
has 
ible 
tro- 
‘his 
‘ion 
hen 
ids. 
by 
ned 
1ere 
mn. 
1efy 
180 
ates 
t no 


arge 
h is 
ind; 
ula- 
tard 


city 
who 
. the 


ency 
V a 
riner 
the 
inite 








REVIEW. 899 


The theory of Nernst (Z. physik. Chem. 47, 52 (1904)) and 
Brunner (Z. physik. Chem. 47, 56 (1904)), that the speed of every 
heterogeneous reaction is simply the speed of diffusion of the 
reacting substances toward the surface separating the two phases, 
has not been substantiated. Thus Goldschmidt (Z. Elektrochem. 
II, 430 (1905)), studying the speed of ester saponification in 
heterogeneous systems, finds several cases in which the reaction 
velocity in the homogeneous phase is the determining factor, 
and Brunner (Z. phystk. Chem. 51, 494 (1905)) himself finds in 
the solution of arsenic trioxide an example of a reaction whose 
velocity is determined by the speed of a chemical process in the 
surface film itself. Brunner here adheres to the theory in a 
modified form, but the modification consists practically in the 
denial of the original theory. The views of Nernst and Brunner 
have, however, helped to bring about a recognition of the real 
importance of processes of diffusion in heterogeneous reactions. 

It is now generally admitted that most of the gaseous reactions 

which have been studied do not take place in the homogeneous 
gaseous phase, but upon the surface of the containing vessel. 
One of the most interesting cases of this kind has been studied by 
Bodenstein and Ohlmer (Z. phystk. Chem. 53, 166 (1905)) who, 
after showing that the union of carbon monoxide and oxygen 
occurred chiefly on the surface of the glass vessel in which they 
were contained, attempted to diminish this action of the walls 
by using tubes of fused quartz. Instead they found a much 
greater catalytic effect than before. In studying further this 
phenomenon the authors came to the very remarkable conclusion 
that the catalytic action of the silica is reduced by the presence of 
carbon monoxide and to a greater extent the greater the con- 
centration of carbon monoxide. We have here therefore the 
curious case of a substance acting as a negative catalyzer to a 
reaction in which it itself takes part. This new phenomenon the 
authors term negative autocatalysis. It seems to me that their 
work may furnish a clue to one of the most mysterious of chemical 
phenomena. It was Davy who first noticed that phosphorus 
glows in air but not in pure oxygen, and in general that it glows 
more brightly the smaller the concentration of oxygen in contact 
with it. Since then the same phenomenon has been observed 
in the combustion of hydrogen phosphide, and in fact of most 
other gases. If now it can be shown that all these reactions take 
place only at the surface of some solid, and that the catalyzing 
action of the surface is reduced by the presence of oxygen, the 
phenomenon would be completely analogous to that observed by 
Bodenstein and Ohlmer. 

An interesting case of catalysis has been observed by Bredig 
and Fraenkel (Z. Elektrochem. 11, 525 (1905)) in the decom- 
position of ethyl diazoacetate. The rate of this decomposition is 
enormously affected by the presence of even very dilute acid. 
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The reaction therefore promises to be serviceable as an indicator 
by which small concentrations of hydrogen ions may be quan- 
titatively determined as, for example, in estimating the degree of 
hydrolysis of slightly hydrolyzed salts. 

Much attention has been given recently to the application of 
physico-chemical methods to the study of the dynamic isomers 
and their rates of transformation. Of especial interest to organic 
chemists is the work on the desmotropic compounds, carried on 
by Dimroth (Ann. 335, 1 (1904) and 338, 143 (1905); Z. 
Elektrochem. 11, 30 (1905)), Briithl and Schroeder (Z. physik. 
Chem. 50, 1 (1904); Ber. 37, 3943 (1904)), Goldschmidt (Z. Elektro- 
chem. 11, 5 (1905)) and others. 

It has been pointed out by LeBlanc (Z. Elektrochem. 11, 9 
(1905)) that the problem of the passive state of metals is essen- 
tially a problem in reaction velocity and that a metal is passive 
when the reaction by which the metal enters solution in the ionic 
condition is in some way greatly retarded. But what the nature 
of the resistance is which causes this retardation and why it 
suddenly appears and as suddenly disappears is still an unsolved 
problem. Much interest has lately been shown in this puzzling 
phenomenon. Miiller (Z. Elektrochem. 11, 755 (1905)) has 
studied passive zinc and manganese, Ruer (Z. Elektrochem. i, 
661 (1905)), passive platinum, Baborovski (Z. Elektrochem. 11, 
465 (1905)) has published a very interesting article on passive 
magnesium, and Sackur (Z. physik. Chem. 54, 641 (1905)) has 
even gone so far as to speak of passive hydrogen. It is doubttful 
whether in all these cases the phenomenon is really of the same 
character as that which is observed in the case of iron and chro- 
mium. 

The use of a reversible iron electrode in the new Edison-Jungner 
storage cell seems at first sight inconsistent with the marked 
tendency of iron to assume the passive state, especially in alkaline 
solutions. This point led to an interesting discussion in the 
Bunsen Gesellschajt by Elbs (Z. Elektrochem. 11, 734 (1905)), 
Foerster (Z. Elektrochem. 11, 948 (1905)), Grafenberg (Z. Elektro- 
chem. 11, 736 (1905)) and Miiller (Z. Elektrochem. 11, 949 (1905)). 
It was shown in fact that when the cell is filled, special precautions 
must be taken to make the iron active, and that the degeneration 
of the cell, which has sometimes been observed, is probably due 
to the gradual assumption of the passive state. This may be 
retarded by various devices, for example, a trace of mercury 
apparently acts catalytically to prevent passivity. 

No entirely satisfactory theory of passivity has yet been ad- 
vanced. The old oxide film theory still has its supporters al 
though it has now been definitely shown that such a film must 
be a good electric conductor and must be so thin that the optical 
properties of the metallic surface remain unchanged. In con- 
nection with this theory it would be interesting to see if the 
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phenomenon of passivity could be obtained in some solvent such 
as liquid ammonia, which contains no oxygen. Perhaps the most 
plausible among the various explanations of passivity is that 
offered by Kruger and Finkelstein (Z. physik. Chem. 39, 91 
(1902)). According to their idea a metal like iron contains both 
ferric and ferrous iron, is an alloy, as it were, of the two. In 
equilibrium there is a certain ratio between the quantities of the 
two, but when the equilibrium is once disturbed it is restored only 
with extreme slowness. When iron is acted on by an oxidizing 
agent only the ferrous portion dissolves, leaving a film of ferric 
iron, which behaves as a noble metal until more ferrous iron is 
produced from it, or until it is mechanically broken so that a 
new portion of metal is exposed. Miiller (Z. Elektrochem. 11, 
823 (1905)) has recently proposed a new theory, based -on the 
idea of electrons, which appears to be essentially a development 
of this theory of Kruger and Finkelstein. 

Ruer (Z. Elektrochem. 11, 661 (1905)) assumes passivity in 
platinum in order to explain the fact that platinum electrodes do 
not go into solution when made the anodes with a direct current, 
but are readily attacked by an alternating current. Presumably 
the platinum anode is soon rendered passive by the direct current 
and therefore ceases to dissolve, while with the alternating 
current each cathodic polarization restores the activity of the 
metal. This view is borne out by the fact that certain oxidizing 
agents have practically no action on platinum, but the platinum 
goes into solution when dipped alternately into the oxidizing 
agent and some reducing ag. nt. 

A good deal of work has been done recently upon electrolysis 
by the alternating current. Brochet and Petit (Ann. chim. 
phys [8] 3, 433 (1904); Compt. rend. 139, 855 (1904); Z. Elektro- 
chem. 10, g09 and 922 (1904) and 11, 441 (1905)) have studied 
especially those reactions which may have a technical significance. 
leBlanc Z. Elektrochem. 11, 8 and 704 (1905)), by determining 
under what conditions a metal is dissolved during the passage of 
an alternating current, hopes to find evidence concerning the 
speed of formation of a complex ion from its constituents, for he 
argues that under ordinary circumstances a metal will dissolve 
during one phase of the alternating current, but redeposit in the 
same quantity during the reverse phase. If, however, the metallic 
ions formed during the first phase are removed— or example by 
the formation of a complex—before the phase changes, then the 
metal will fail to deposit and the total result will be the gradual 
solution of the metal. LeBlanc explains in this way the solution 
of copper by an alternating current in a solution of a substance 
ke a cyanide which forms complexes with the copper ion. He 
hopes to be able to calculate the speed oi formation of such a 
complex from the influence of the frequency of alternation of the 
current upon the amount of copper dissolved. It is doubtful, 
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however, whether he has given sufficient consideration to other 
factors which enter into the problem. 

This question of the speed of formation of a complex ion from 
its components, and vice versa, has been given prominence by an 
article of Haber (Z. Elektrochem. 10, 433 and 773 (1904)). Elec- 
tromotive force measurements show that the concentration of 
silver ion ina normal solution of potassium silver cyanide is about 
10~?3 normal, or perhaps half a dozen single ions in a liter. It 
has been supposed that such figures have a purely statistical 
significance, and mean not that half a dozen particular silver 
atoms exist continuously in the condition of simple ions while all 
the rest of the silver ions remain in the complex ions, but rather 
that all the silver atoms alternate, with unknown frequency, 


between the two conditions expressed by the symbols Ag and 


Ag(CN), and that any one atom on the average remains in the 


Ag condition 10~%5 part of the time. Now Haber doubts whether 
these small concentrations calculated by the Nernst equation 
have even so much meaning. His ingenious argument is some 
what as follows: When equilibrium is established in the system, 


Ag+3CN *= Ag CN),, the reaction velocities in both directions 
mus. be equal, although the substances on the left-hand side are 
present in extraordinarily small concentrations. Assuming that 
the velocity of their combination would increase with their con- 
centration, according to the principle of Guldberg and Waage, 
Haber calculates that if a solution could be prepared normal 
both in silver and in cyanide ions they would unite 1075 times as 


fast as a normal solution of Ag(CN), dissociates. Now the latter 
reaction has been generally assumed to be fairly rapid, since silver 
can be readily precipitated from the cyanide, either by a sulphide 
or by the electric current. Choosing for this rate what he con- 
siders a reasonable value, Haber obtains for the velocity of com- 


= — 
bination in the hypothetical normal solution of Ag and CN a 
velocity so great that to interpret the reaction in the usual way 
we should be obliged to conceive of the atoms moving together 
with a velocity millions of times greater than the velocity of light. 
We thus reach an absurd conclusion which apparently is based 
solely upon (1) the Nernst equation (2) the principle of Guldberg 
and Waage, and (3) the general atomistic conception. A lively 
discussion following the publication of this paradox was partic- 
ipated in by Danneel (Z. Elektrochem. 10, 609 (1904)), Abegg 
(Z. Elektrochem. 10, 607 (1904)) and Bodlander (Z. El ktrochem. 
10, 604 (1904)). The latter pointed out what appears to be the 
real solution of the problem. Haber’s whole argument rests on 
the assumption that the complex silver cyanide ion dissociates 
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with fair rapidity into its constituents, and this is in turn based 
solely on the fact that silver is readily precipitated from the 
cyanide solution. Obviously, the tacit assumption is here made 
that the complex ion can enter into no reaction without first 
splitting into its ions. If this entirely gratuitous assumption is 
omitted, the whole paradox disappears. The assumption that 
reactions in aqueous solution take place only between ions is 
itself one which I presume the majority of physical chemists 
have never adopted and which certainly has now been shown by 
the experiments of Kahlenberg and others to be directly opposed 
to all the evidence. Walker (Trans. Chem. Soc. 85, 1082 (1904)) 
has also recently contributed a number of arguments in opposi- 
tion to this view. 

Much work remains to be done before we can form any adequate 
conception of the conditions that actually exist in an aqueous 
solution of an electrolyte. Walker (Z. physik. Chem. 51, 706 
(1905)) has shown that a considerable number of weak elec- 
trolytes which were formerly supposed to form exceptions to the 
mass law belong to the class of amphoteric electrolytes, that is, 
substances which are capable of yielding simultaneously hy- 
drogen and hydroxyl ions. When this complication is taken 
into consideration all these substances are found to behave 
normally. On the other hand, no complete explanation has yet 
been offered for the deviation of strong electrolytes from the 
Ostwald dilution law, and it is still an open question whether 
this deviation is apparent or real. Jahn (Z. phystk. Chem. 50, 
129 (1904)) adheres to his idea that the deviation is in the main 
apparent and caused by an increase in the velocity of the ions in 
strong solution, whereby their concentration as measured by the 
conductivity method appears greater than it really is. In 
support of this view he has recently made a number of freezing- 
point determinations of solutions of strong electrolytes and 
calculates from these the concentrations of the ions and of the 
undissociated salt. He shows that the values thus obtained 
agree with the (somewhat modified) dilution law. But there 
is some doubt as to whether freezing-point determinations are 
yet sufficiently accurate for this kind of calculation. Goebel 
(Z. physik. Chem 53, 213 (1905)), for example, points out that 
the freezing-point law of van’t Hoff is not quite true and that a 
correction should be made for the change in the heat of fusion of 
ice with the temperature. Applying this correction to existing 
data upon various salts he shows that they then become con- 
sistent with the mass law. Drucker (Z. Elektrochem. 11, 904 
(1905)), however, shows that Goebel made use of unreliable data 
for calculating the heat of fusion of ice. A a matter of fact the 
true correction is only about one-half of that used by Goebel, 
but is nevertheless large enough to be taken into consideration 
in exact work. 
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The method of Rothmund and Drucker for determining the 
degree of dissociation of strong acids, by studying their dis- 
tribution between water and a non-miscible organic solvent, 
has been further employed by Drucker (Z. physik. Chem. 49, 563 
(1904)) and by Bogdan (Z. Elektrochem. 11, 824 (1905)) with 
rather uncertain results. 

A most interesting point, especially in its connection with the 
views of Jahn, has been raised by Danneel (Z. Elektrochem. 11, 
249 (1905)). It has often been noted as an interesting fact, that 
the two .ons which move most rapidly in aqueous solution, hy- 
drogen and hydroxyl, are the component ions of the water itself. 
Now it has been shown independently by Tijmstra (Z. physik. 
Chem. 49, 345 (1904)) and by Dempwolff (Physik. Z.5, 637 (1904)) 


that in methyl alcohol the ion CH,O travels with exceptional 
speed, and Danneel concludes that in general the ions of the 
solvent move faster than others and that this is due to their 
ability, so to speak, to go through a solvent molecule rather than 
around it. In other words, the neutral molecules play a role in 
the conduction similar to the one that was ascribed to them by 
the old Grotthus theory. If this view is correct, the ions of a 
salt should likewise move more rapidly in the presence of the 
neutral salt, that is, in concentrated solutions, as Jahn believes 
that they do. Why this same effect is not shown to an even 
greater extent in the case of the weak electrolytes, in which the 
proportion of the undissociated substance is much greater, Danneel 
does not attempt to explain. Whatever the probability may be 
of a material change in the ionic velocities at high concentrations, 
the best evidence seems to show that at least below concentrations 
of tenth-normal the electrical conductivity furnishes a good, 
at any rate the best, measure of the degree of dissociation, and 
that here there is a real deviation from the mass law. The idea 
seems to be gaining ground that this deviaton is due to change 
in the dissociating power of the solvent caused by the addition 
of the electrolyte. All the recent views concerning the ‘‘Anoma- 
lies of Strong Electrolytes’? have been brought together in an 
excellent monograph by Drucker ‘Die Anomalien der Starken 
Elektrolyte,”’ Ahren’s Sammlung X, 1 and 2, Enke, Stuttgart, 
(1905). 

Continued investigation of conductivity in non-aqueous solu- 
tions, instead of bringing an answer to the problem of the real 
nature of electrolytic conductivity, serves rather to show how 
far we still are from the final solution of this question. Who 
would have thought a few years ago of classing ether as an elec- 
trolyte or as an electrolytic solvent? Yet Plotnikow (J. Russ. 
physik. chem. Soc. 36, 1282 (1904)) has shown that a solution of 
phosphoric acid in ether conducts one-third as well as its solution 
in water, while Steele, McIntosh and Archibald (Phil. Trans. 205 
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A, 99 (1905)) have found that ether dissolved in liquid hydro- 
chloric acid is an excellent electrolyte. 

One of the most extensive researches in this subject is by 
Walden (Z. physik. Chem. 54, 129 (1906)) on organic solvents. 
His method of attack is unique, in that he chooses some particular 
solute, especially tetraethylammonium iodide, which he takes as 
“normal electrolyte’’ and studies its solution in a large number of 
solvents. In this way he has been led to several interesting 
generalizations, two of which may be mentioned here. The first 
concerns the relation between dielectric constant and dissociating 
power and may be stated as follows. If two solutions of the 
same electrolyte in different solvents are taken at such dilutions 
that the degree of dissociation is the same in both then r= -2 
or Ev=const., where E, and E, represent the two dielectric con- 
stants, v, and v, the dilutions. This is only an approximate law 
but it is the first successful attempt to obtain any sort of quan- 
titative relation between dielectric constant and dissociating 
power. The second purely empirical principle relates to the 
conductivity at infinite dilution. The smaller the value of this 
quantity is in a given solvent, the greater is its temperature 
coefficient. In other words, the values of the conductivity at 
infinite dilution in different solvents approach each other with 
increasing temperature. 

Another paper deserving special mention is one by Steele, 
McIntosh and Archibald (Phil. Trans. 205 A, 99 (1905)) on hy- 
drogen chloride, bromide, iodide, and sulphide as conducting 
solvents. The authors have made a very thorough study of the 
properties of these liquids, especially the first three, and they 
have determined the vapor-pressures, surface tensions, and 
densities of the pure solvents and the molecular weights, the 
transport numbers and the conductivity of their solutions. They 
obtain a remarkable result in determining the molecular weight 
of toluene in hydrochloric acid. The value found is 30, or about 
one-third of the normal molecular weight. Yet the solution is a 
non-conductor. 

Hydrogen sulphide as a solvent has also been studied by Antony 
and Magri (Gazz. chim. ital. 35, 208 (1905)). Schroeder (Z. 
anorg. Chem. 44, 1 (1904)) has studied solutions in pyridine, and 
Walker and Johnson (Trans. Chem. Soc. 87, 1597 (1905)) solu- 
tions in acetamide. Most of these observers have found numerous 
cases in which the molecular conductivity in dilute solutions 
increases with the concentration. Indeed, this behavior seems 
to be characteristic of a very large class of non-aqueous solutions. 
It is not improbable that this is an extreme manifestation of the 
same phenomenon that is responsible for the deviation from the 
mass law in aqueous solutions. In both cases the molecular 
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conductivity at low concentrations is smaller than was to be 
predicted. 

In many of the investigations that we have mentioned it 
has been shown that the solutes which give conducting solutions 
are able to form definite solid compounds with the solvent, thus 
indicating that probably in the solution, too, there is a union of 
solvent and solute. For example ether and toluene dissolved 
in hydrochloric acid differ in that the former is a conductor, the 
latter is not. Ether forms definite compounds with the solvent, 
while toluene does not. It now seems probable indeed that the 
formation of an electrolytic solution is usually, if not always, 
accompanied by ‘‘solvation.” The belief is sometimes ex- 
pressed that this solvation is the immediate cause of electrolytic 
dissociation. This view is discussed by Bousfield (Z. physik. 
Chem. 53, 257 (1905)) who elaborates the idea of Kohlrausch 
(Proc. Roy. Soc. 71, 338 (1903)) that each ion in aqueous solution 
is surrounded by an ‘‘atmosphere”’ of water molecules. 

Domke and Bein (Z. anorg. Chem. 43, 125 (1905)) have re- 
opened a question which a few years ago was answered, rather 
too dogmatically, in the negative, namely, whether from the 
density and other physical properties of aqueous sulphuric acid 
it is possible to obtain evidence of the existence of definite hydrates 
in solution. They carried out, apparently with the highest 
accuracy, an exhaustive series of experiments upon the density 
and coefficient of expansion of sulphuric acid of different strengths. 
Although cautious about drawing conclusions from their data, 
they believe that their work taken in conjunction with the 
measurements of other physical properties by other experimentors 
furnishes strong grounds for the belief that a mixture containing 
sulphuric acid and water in equimolecular proportions consists 
almost entirely of the substance H,SO,.H,O. As to the ex- 
istence of other hydrates the evidence is less conclusive. 

In the study of colloids little progress has been made since the 
very complete review of this subject by Professor Noyes, which 
recently appeared in this Journal (27, 85 (1905)). Billitzer’s 
(Z. phystk. Chem. 51, 129 (1905)) theory of colloids will probably 
not find very wide acceptance until his experimental results 
have been better corroborated than they have been hitherto. 
Sutherland (Phil. Mag. [6] 9, 781 (1905)) has worked out a 
theory of diffusion for non-electrolytes and applies it to a solution 
of egg albumen. From the rate of diffusion of this substance he 
obtains for it a molecular weight of 32,814 and gives it the formula 
Cy 436 Hore 350u35,;- The calculation rests, however, upon a pretty 
hypothetical basis. 

Benedicks (Z. physik. Chem. 52, 733 (1905)) believes that in 
one of the constituents of steel he has found a case of solid colloidal 
solution. Brown (Ann. Physik. [4] 16, 166 (1905)) tries to show 
that the solutions of metals in liquid ammonia are colloidal in 
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character. He would probably have considerable difficulty in 
reconciling his theory with the great lowering of the vapor-pressures 
which has been observed in these solutions by Franklin and 
Kraus, Joannis, and others. 

The apparent success of the calculations of Arrhenius and 
Madsen upon the toxins, antitoxins, etc., have led some chemists 
to regard these substances as true solutions. Henri (Z. phystk. 
Chem. 51, 19 (1905)) has brought them back to what is undoubtedly 
their true place, under colloidal suspensions, in an important 
article entitled ‘‘Enzymes, Toxins, Antitoxins and Agglutinins.”’ 

While renewed interest in atomic weights has been aroused 
by several new and very accurate analyses, more recognition has 
also been given during the past year to the new physico-chemical 
methods of determining atomic weights. These methods all 
depend upon the assumption that every gas, as its pressure is 
diminished, approaches a perfect gas. In other words, the law of 
Avogadro, that under like conditions the molecular weights of 
gases are proportional to their densities, is a true limiting Taw for 
all gases as their pressure is indefinitely diminished. Therefore, 
if the density of any gas compared with oxygen is known, and the 
coefficient of compression of both gases between o and 1 atmos- 
phere, the molecular weight of the gas can be exactly determined. 

This method has been applied by Berthelot (Z. Elektrochem. 
10, 621 (1904)), Guye (Compt. rend. 140, 1386 and 1241 (1905)), 
Leduc (Compt. rend. 140, 717 (1905)), Rayleigh (Proc. Roy. 
Soc. 74, 446 (1905); Z. physik. Chem. 52, 705 (1905)), Jaquerod 
and Scheuer (Compt. rend. 140, 1384 (1905)) and others. Guye, 
for example, obtained the following values S= 32.065, C= 12.002, 
Cl= 35.476, Ar=39.866, all of which agree excellently with the 
atomic weights obtained by analytic methods. For nitrogen, 
on the other hand, the results obtained by this method are all 
lower than that found by Stas, 14.04. Thus the different in- 
vestigators obtained the following results: Berthelot, 14.007 ; 
Leduc, 14.008; Rayleigh, 14.007; Guye, from the comparison of 
the four pairs of gases—-N,,O,; N,,CO; N,O,CO,; NO,O,—finds 
14.009, 14.006, 14.007, 14.008. Jaquerod and Perrot (Compt. 
rend. 140, 1542 (1905)) determined the coefficients of expansion 
of several gases between 0° and 1067°, the melting-point of gold, 
and thus found the densities at the higher temperature. At 
this temperature Avogadro’s law appears to hold even at atmos- 
pheric pressure. The atomic weight of nitrogen calculated from 
its density at this temperature is 14.008. From the remarkable 
agreement of all these values we may conclude that the true 
atomic weight of nitrogen is not far from 14.008. Guye (Bull. 
oc. chim. 33, 1 (1905)) has in fact recently obtained the value 
14.009 by an analytical method. Gray (J. Chem. Soc. 87, 1601- 
1620) has also found the value 14.010 by an analytical method. 

This work has also been of great importance in another way. 
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From the calculations used in getting the above results it is 
possible to determine the fundamental constants of a perfect gas, 
According to Berthelot the volume of 1 gram-molecule of a 
perfect gas at o° and 760 mm. (latitude of 45°) is 22.412 liters, 
and the absolute zero of temperature on the perfect gas scale is 
—273.09° C. ; 

The chief contributions made recently toward the solution of 
the problem of chemical valence have been by two men, Werner 
(‘‘Neuere Anschauungen auf dem Gebiete der anorganischen 
Chemie,”” Braunschweig, F. Vieweg and Son (1905)) and Abegg 
(Z. anorg. Chem. 39, 330 (1904)). The appearance of Werner's 
book enables us for the first time to survey the whole of this 
author’s extensive work, collected in a compact and systematic 
form. Werner has worked so independently and there have 
been so few points of contact between his work and the general 
development of theoretical chemistry, that it is difficult to 
find the right perspective for judging his views of chemical 
composition. No one can doubt the immense value of the 
great mass of experimental material which he has accumulated 
and it seems likely too that many of his theories, especially the 
idea of the codrdination number, will in some form or other find a 
permanent place in chemistry; on the other hand, the treatment is 
unquestionably one-sided, and suffers from some apparent con- 
fusion between the concepts of affinity and valence and from a 
failure to give full recognition to the polar character of valence. 

This idea of polarized valence, which is essentially the electro- 
chemical theory, has been clearly stated by Abegg. Distinction 
must be made between positive and negative valence. Thus 
the valence of sulphur in sulphur trioxide is +6, that in hy- 
drogen sulphide is —2. The difference between the two valences 
is 8 and not 4 as frequently stated. Thus it requires 8 units of an 
oxidizing substance, or 8 equivalents of an electric current to 
convert a sulphide into a sulphate. Likewise, the valence of 
nitrogen is —3 in ammonia, +5 in nitric acid; that of iodine is 
—1 in the iodides, +7 in the periodates. As in these cases so in 
general the difference between the extreme positive and the 
extreme negative valence which an element (especially a non- 
metallic element) can exhibit is usually eight and never more than 
eight. For the marked prominence of this number eight in the 
valence theory no explanation has been offered. Doubtless the 
natural arrangement of the elements in eight groups is a cognate 
fact. 

An interesting question has been raised by LeBlanc (Z. Elektro- 
chem. 11, 813 (1905)), Can one element form both positive and 
negative ions? It appears from the experiments of LeBlanc as 
well as from those of Miiller and Lucas (Z. Elektrochem. 11, 521! 
(1905)), and Miller and Nowakowski (Z. Elektrochem. 11, 931 
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(1905)), that tellurium, which lies on the border line between 
metals and non-metals, can go into electrolytic solution like any 


metal at the anode, and can also go into solution as Te at the 
cathode. 

The correctness of Lehmann’s views on the nature of liquid 
crystals may now be regarded as pretty definitely established. 
Tammann (Z. Elektrochem. 11, 955 (1905)) still holds to the view 
that the so-called crystalline liquid is a suspension, not a homo- 
geneous substance, but he not only has offered no explanation 
of why an emulsion should form when the solid crystals melt, 
but all attempts to separate the supposed emulsion into its com- 
ponents have been in vain. De Kock (Z. physik. Chem. 48, 128 
(1904)) repeats Tammann’s own experiments and obtains results 
incompatible with the emulsion theory. Bredig and Schukowsky 
(Ber. 37, 3419 (1904)) have subjected the liquids to cataphoresis 
without effecting any separation. Rotarski and Zemcuznyj (Ann. 
Physik. [4] 17, 185 (1905)) have followed the cooling curve of 
azoxyanisol and azoxyphenetol from a higher temperature through 
the temperature at which the transition from the anisotropic to 
the crystalline liquid appears. A definite transition accompanied 
by a considerable heat change should produce a marked dis- 
continuity in the cooling curve at the temperature of transition. 
As a matter of fact the curves of cooling showed only an ex- 
tremely slight irregularity at the transition point. The authors 
believe that this is a strong argument against Lehmann’s and for 
Tammann’s theory, but it need not be so regarded, for Schenck 
(Z. Elektrochem. 11, 951 (1905)) had already pointed out that the 
heat of transition from crystalline liquids to ordinary liquids 
must be very small, as evidenced by the very large change in 
transition point caused by impurities. A good summary of the 
arguments in favor of the Lehmann theory as well as of the recent 
developments in the study of mixed liquid crystals and other 
branches of the subject, is contained in a new book by Schenck 
(‘‘Kristallinische Fliissigkeiten und fltissige Kristalle,”” W. Engel- 
mann, Leipzig, (1905)). 

The problems of photochemistry may be divided into those 
concerning the action of light upon chemical reactions and those 
which concern the absorption and emission of light by chemical 
substances. By far the most important recent investigation in 
the former field is one by Luther and Weigert (Z. physik. Chem. 
51, 297 (1905)). Luther studied for the first time a few years 
ago a case in which light affects not merely the speed of reaction 
but also the equilibrium of a chemical process. This was the 
decomposition of silver chloride to silver subchloride and chlorine. 
There has been some doubt, on account of the difficulty in deter- 
mining the real nature of the solid phases concerned, as to whether 
this was a true reversible photochemical reaction. Now Luther 








910 REVIEW. 


and Weigert have found a homogeneous reaction, that between 
anthracene and dianthracene, which takes place in opposite 
directions in the light and in the dark. The formation of 
anthracene from dianthracene runs in the dark practically to an 
end, but in the light a certain amount of dianthracene is formed 
from the anthracene, and this is true whether the substance is in 
the solid, gaseous, or dissolved state. The system in the light 
is in a sort of dynamic equilibrium in which the percentage of 
dianthracene depends directly upon the amount of light which 
enters. 

It is possible that in certain galvanic cells whose electromotive 
force changes in the light we have another instance of real dis- 
placement of equilibrium. A number of such cells has been 
studied by Wilderman (Proc. Roy. Soc. 74, 369 (1905)). 

In the domain of photography Sheppard and Mees (Proc. Roy. 
Soc. 74, 447 (1905) and 76, 217 (1905)) have elaborated a theory 
of the dynamics of photographic development which, if correct, 
possesses both theoretical and practical importance. A mono- 
graph by Luther (‘Die Aufgaben der Phctochemie,’”’ Antritts- 
vorlesung gehalten an der Univ. zu Leipzig, July (1905)) clearly 
outlines the present state of photography and its problems. 

An exhaustive study of the emission of light by chemical sub- 
stances and reactions, especially the phenomena known as 
chemiluminescence, triboluminescence and crystalloluminescence 
has been made by Trautz (Z. physik. Chem. 53, 1 (1905)). Guin- 
chant (Rév. gén. sciences 16, 683 (1905)) has also published a 
review of the work that has been done in this comparatively 
unknown domain. 

Fundamental work upon the phenomenon of phosphorescence 
has been done by Lenard and Klatt (Ann. Physik.[4]15, 225 and 425 
and 633 (1904)), and by Waentig (Z. phystk. Chem. 51, 435 
(1905)). The former investigators attempted to determine just 
what conditions are essential to phosphorescence in the case of 
the sulphides of the alkaline earths. They established the fact 
that the sulphide does not phosphoresce when pure and that, 
moreover, two impurities must be present, one a compound of a 
heavy metal, the other a compound of an alkali metal. Waentig 
believes that the phosphorescence is due to a slow reaction by 
which the system passes from an unstable to a stable condition. 
An argument in favor of this theory is that the power of phos- 
phorescence disappears permanently when the substance is 
heated or subjected to heavy pressure. 
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CHEMISTRY OF THE PROTEIDS. By GusTav MANN, M.D., B.Sc. (Oxon.), 
University Demonstrator of Physiology, Oxford. London and New 
York: Macmillan & Co. 1906. Price, $3.25. 

This book is the most serious attempt yet made to give an 
account of our present knowledge of the proteins. It was the 
author’s first intention to make a translation of the second edition 
of Cohnheim’s ‘‘Chemie der Eiweisskoerper,’’ but as so much new 
matter was added he decided to assume full responsibility for the 
work and acknowledge his indebtedness to Cohnheim. 

Most of the new matter consists in theoretical explanations 
of the physical properties of the proteins, colloids being treated 
at great length, and the pseudoacid pseudobasic nature of the 
proteins is considered to be a matter of such importance that it is 
extensively discussed. The author places much confidence in 
many recent investigations by physical chemists which have been 
made with egg-white or with crude mixtures of protein with other 
and unknown substances. Such experiments manifestly cannot be 
used as a basis for generalizations until they have been confirmed 
by repetition with pure material of definite character, and ex- 
tended to many of the widely differing forms of proteins. Mann, 
however, appears to accept such data as satisfactory, and ex- 
plains the processes by which the supposed phenomena result, 
although it seems to the reviewer to be too early to attempt such 
generalizations and explanations. 

The statement of the physical properties of the proteins both 
in this book and in that of Cohnheim will require very serious 
revision as soon as the vegetable proteins are taken into con- 
sideration. 

It is remarkable that so little attention has been paid to the 
proteins of seeds, for these offer one of the best opportunities 
that we have for isolating and studying these substances under 
comparatively definite and simple conditions. Although Mann 
says of vegetable proteins, ‘‘The seeds, on the other hand, with 
their large amount of stored albumin, have been investigated 
very thoroughly. Starting with Liebig, a large number of papers 
have been published dealing with these readily accessible and 
economically very important bodies,’’ nevertheless he devotes 
to this part of his subject only six pages out of the six hundred and 
more which the book contains. Furthermore, these six pages are 
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crowded with incorrect statements, which an examination of the 
literature would have made impossible. The treatment of this 
part of his subject is in the highest degree unsatisfactory, and 
had much better have been omitted entirely. 

Many of the terms employed by Mann are unusual. Thus, 
although the title of the book is ‘‘Chemistry of the Proteids,” 
these bodies in the text are collectively called albumins, a 
practice which brings the author into confusion when he under- 
takes to distinguish between globulins and the group of water- 
soluble proteins commonly known as albumins. 

Coagulation is made synonymous with precipitation, and acid 
albumin and coagulated albumin appear to be regarded by the 
author as one and the same thing, although the product of heat 
coagulation and that product of the action of acid on native 
protein which is generally called acid albumin are certainly 
different substances. 

In dealing with the decomposition products of the proteins 
those recently described by Skraup are given the same considera- 
tion as those which have been thoroughly established and studied, 
although the evidence of the identity of these products given by 
Skraup was extremely unsatisfactory, and he has since shown 
that most of them were mixtures of well-known substances, and 
are therefore to be no longer considered. 

The reader will be surprised to find diaminopropionic acid in 
the list of protein decomposition products, together with the 
statement that this is the simplest diamino-acid found in the 
body. Meyer is cited as authority for this statement, but the 
author has overlooked the fact that the diaminopropionic acid 
which was obtained from rabbits Meyer himself had already 
introduced. Misapplications of quotations are to be found in 
this book, against two of which the reviewer must strongly pro- 
test. On page 297 he says that ‘‘Osborne has stated that the 
globulin precipitation is caused by the hydrogen ions of the 
water,” a view which the reviewer not only never advanced, but 
considers to be absurd. Again on page 362 he repeats the same 
statement in connection with the conversion of globulin into 
insoluble products, which the reviewer showed to be due to the 
action of acids, but did not attribute to the hydrogen ions of 
water. On page 372 he makes the reviewer responsible for the 
statement that the Para-nut contains an albumin, ‘‘the lime 





NEW BOOKS. 913 


and magnesia salts of which crystallize in octahedra.’’ So far 
as known, the lime or magnesium salts of this protein have never 
been prepared and probably cannot be crystallized if made. 

His description of the properties of the individual proteins 
closely follows Cohnheim except in the case of the nucleoproteids 
and the haemoglobins, which are treated more extensively. 

Throughout the volume, references are made to the original 
authorities, and this fact gives the book its chief value, for the 
entire literature of the subject is discussed, and few papers of 
consequence have been overlooked. The reader will therefore 
find this book very helpful in looking up the literature of any of 
the questions treated. 

It is unfortunate that in the first work in the English language 
on this subject a more critical study of this great mass of un- 
digested material was not undertaken, and an endeavor made to 
bring the conflicting statements into harmony and to eliminate 
those already disproved or rendered extremely improbable. As 
it is, we here have collected together, in addition to the definitely 
ascertained facts, a large number of very questionable observa- 
tions and evident blunders which thus acquire an undeserved 
degree of recognition that will make it difficult to dispose of them 
for a long time to come. THomAS B. OSBORNE. 


ON CARBOHYDRATE METABOLISM. By F. W. Pavy, M.D., LL.D., F.R.S. 
Philadelphia: P. Blakiston’s Son & Co. Price, $2.40. 

This book contains a course of advanced lectures delivered by 
Dr. Pavy at the University of London in May, 1905. It is largely 
made up of the personal experiments and opinions of its author. 
It hardly seems credible that the subject of diabetes could have 
been treated without reference to Minkowski’s work on the 
extirpation of the pancreas, yet this has been done. Much 
foreign work has been neglected or misquoted. Dr. Pavy (p. 
50) considers that carbohydrate to the extent of 60 per cent. 
may enter into fixed chemical combination in the proteid mole- 
cule. This is an old view, now relegated to the group of fallen 
theories, since it has been shown that proteid yields sugar in 
metabolism through a synthetic reconstruction of the broken 
chains of its constituent amino acids. Dr. Pavy rightly protests 
that the ‘‘acidosis’’ question in diabetes should not engross the 
attention in preference to that of sugar. GRAHAM LUSK. 
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THE MICROSCOPY OF VEGETABLE FOODS WITH SPECIAL REFERENCE To 
THE DETECTION OF ADULTERATION AND THE DIAGNOSIS OF MIXTUREs, 
By ANDREW L,. WINTON, PH.D., Chemist of the Connecticut Agricultu. 
ral Experiment Station and Instructor in the Sheffield Scientific School 
of Yale University, with the Collaboration of Dr. Josef Moeller, Pro. 
fessor of Pharmacology in the University of Graz. New York: John 
Wiley and Sons. 1906. Large 8vo, xvi+ 701 pages, 589 figures, 
Cloth, $7.50. 

With the increased interest in every branch of food inspection 
research in this country, the present work is most timely. There 
has been no dearth of books by Austrian, French and German 
pharmacologists on food microscopy, but these have had very 
limited circulation in this country and have hence been of little 
aid to the American student. This work is certainly unique in 
that it is the only book in the English language that covers ex- 
clusively and comprehensively the microscopical examination 
of foods, though the subject has been treated incidentally in 
several English and American works on food analysis. 

Dr. Winton is peculiarly equipped by experience for this work, 
having spent many years in the field of microscopical research 
in its special application to foods. He has had the advantage of 
several periods of close association and coéperative work with 
that pioneer author and teacher in food microscopy, Dr. Moeller, 
in his laboratory at Graz. Indeed, in the latest German edition 
of Moeller’s ‘‘ Mikroskopie der Nahrungs- und Genussmittelausdem 
Pflanzenreiche,’’ which has recently appeared, Dr. Winton is col- 
laborator. 

‘The Microscopy of Vegetable Foods”’ is, however, in no sense 
a translation of the German work, the arrangement and plan of 
the two books being entirely different. The American work is, 
of course, of paramount interest to English and American students 
and has evidently been planned with special reference to their 
needs. 

Apparatus, reagents and general technical methods are first 
described, and a brief though comprehensive résumé is given of 
the histological elements found in foods and of the morphology 
of the various organs including the flower, fruit and stem. Then 
follows in considerable detail a systematic treatment of the 
grains, seeds, legumes, nuts, fruits, vegetables, alkaloidal prod- 
ucts, spices and condiments and commercial starches, each 
subject being developed to show as far as possible the general 
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plan and function of each particular food product in the plant 
economy, as well as the morphology and structure of its tissues, 
and its most characteristic and recognizable features under the 
microscope from a diagnostic standpoint. Not only are the 
smple or elemental food products thus treated, but in many 
cases the commoner compounds or mixtures, such as fruit pre- 
serves, table sauces, and condimental cattle and poultry foods 
are described with reference to the detection of their ingredients. 

Most important of all in a practical way is the special attention 
given throughout to methods for the detection of adulteration. 
It is especially in the last feature that the book is invaluable to 
every analyst who has.to pass judgment on the purity of foods. 
In all cases impurities incidental to the commercial preparation 
of the various food products are thoroughly discussed, as well as 
adulterants intentionally added, and the same attention is given 
to the characteristics of the impurities and adulterants as to those 
of pure foods. 

Much of the practical value of such a book as this naturally 
rests in the character of the cuts, of which there are nearly 600. 
By far the larger portion of these are from drawings made by the 
authcr and collaborator, though cuts have been selected from 
over 30 other microscopists, making in all a very complete series. 
Every cut bears the name of its author. From an artistic stand- 
point these drawings leave little to be desired, but it would seem 
as if a word of caution should be given as to their limitations 
and practical use for direct comparison in the examination of 
actual samples. It should be made plain that most drawings 
of sections show what would be seen under ideal conditions only, 
assuming for instance that it were possible to obtain a mechanically 
perfect section, and that in many cases the student should not 
expect in the microscopic appearance of the confusing fragments 
and débris of a powdered specimen the same beautiful arrange- 
ment of cells and tissues that he sees in the idealized drawing. 

As a guide in diagnosis, one cannot but commend the clever 
analytical keys to cereals and weed seeds, cruciferous seeds, 
legumes, umbelliferous fruits and spices devised by the author. 
These are based on the color, shape or size of the various tissues, 
fibers, cells or cell contents, and by comparison of the most 
distinctive differences in structure serve in many cases to classify 
and group each series in a very systematic manner. It is un- 
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fortunate that these keys are not always applicable, since many 
products lack certain elements present in the original material. 

Arranged at frequent intervals through the book in connection 
with the treatment of each special subject are very exhaustive 
bibliographies, with cross references to a complete general 
bibliography near the end. The volume closes with a useful 
glossary of botanical terms. 

A word of commendation should be spoken on the attractive 
form and appearance of the book. Of necessity it is large but not 
cumbersome, is excellently bound and printed, and furnishes one 
of the best examples of modern book-making in the class of 
text-books. » ALBERT E. LEACH. 


NOTES ON ELECTROCHEMISTRY. By F. G. WIKCHMANN, PH.D. New 
York: McGraw Publishing Co. 1906. 

Within a compass of less than 150 octavo pages the author 
gives an abundance of data relating to electrochemistry, helpful 
to students and practical men alike. The book is not a text-book 
in the ordinary sense of the word, but a compilation of facts to 
which one may often feel inclined to turn to refresh one’s mind 
upon electrochemical topics. Eg. F. & 


A SYSTEMATIC COURSE OF QUALITATIVE CHEMICAL ANALYSIS OF INOR- 
GANIC AND ORGANIC SUBSTANCES WITH EXPLANATORY NOTES. By 
HENRY W. SCHIMPF, PH.G., M.D., Professor of Analytical Chemistry 
in the Brooklyn College of Pharmacy. New York: John Wiley & Sons. 
1906. vii+ 156pp. Price, $1.25. 

This book is an epitome of the principal reactions in analytical 
chemistry, prepared for students in pharmacy. As the time 
which can be devoted to chemistry in a course of pharmacy is 
short, the book is correspondingly brief. It contains, however, 
the gist of analytical chemistry, both inorganic and organic. Part 
I, devotes 16 pages to ‘‘Definitions and General Considerations.” 
Part II gives 63 pages to inorganic qualitative analysis, but in- 
cludes the organic acids. The observation that ‘‘students should 
prepare their own reagents and not be kept in the dark as to their 
strength” is good for small classes; the caution regarding im- 
purities in reagents is wise. The last 65 pages of the book are on 
organic qualitative analysis, and this portion is fairly compre- 
hensive. Sugars, alkaloids, poisons, urine, as well as a large 
share of the more common synthetic medicines, are included. 
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Typographical errors are rare, and the make-up of the book is 
good. Jas. Lewis Howe. 


METALLURGICAL CALCULATIONS By JOSEPH W. RICHARDS, A.C., PH.D. 
ParRT I. INTRODUCTION, CHEMICAL AND THERMAL PRINCIPLES, 
PROBLEMS IN COMBUSTION. New York McGraw Publishing Com- 
pany 1906 Price, $2.00. 

This book contains a reprint of a series of papers published in 
“Electrochemical and Metallurgical Industry”’ from March, 1905 
to March, 1906, to which have been added many problems for 
practice. Other papers yet to appear in the same journal are 
expected to make up a second and a third part of the completed 
work. 

Chapter I fully explains the use of chemical equations for 
such computations of weights, and of volumes in case of gases, 
as may be required in metallurgical operations. The second 
chapter treats of the applications of thermochemistry, and the 
third chapter explains and well illustrates the applications of 
thermochemical data. Chapter IV treats of the thermo- 
chemistry of high temperatures, and chapter V, of specific 
heats, heats absorbed in fusion, and other related matters. The 
titles of the three following chapters are, ‘‘Artificial Furnace 
Gases,’’ ‘‘Chimney Draft and Forced Draft,’’ and ‘‘Conduction 
and Radiation of Heat.” There is an appendix containing 
twenty-three problems in addition to the twenty-four given in 
the text. Chapters II, IV and V contain copious tables of 
data. The metallurgical master will need this harmonious 
collection of the physical data of his art, and the metallurgist 
who is not yet a master will find the clear teachings of this book 
an indispensable guide to the understanding of the scientific 
principles on which his art is founded, and by the knowledge of 
which only can it be intelligently advanced. 

EpwarpD W. MorRLEY. 


A HANDBOOK FOR CANE-SUGAR MANUFACTURERS AND THEIR CHEMISTS. 
By GUILFORD L. SPENCER, D.Sc., formerly Chief of Sugar Laboratory 
U. S. Department of Agriculture, Chief Magnolia Plantation, Chaparra 
Sugar Co., Cuban-American Sugar Co., Nicaragua Sugar Estates, Ltd., 
etc. 16mo. viii + 331 pp. 52 illustrations, morocco. New York: 
John Wiley & Sons. London: Chapman & Hall, Ltd. 1906. Price, 
$3.00. 


This book is the fourth edition of the same work by this author, 
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and is greatly enlarged both in its general scope and the scientific 
data presented. 

The first fifty pages are devoted to the manufacture of cane sugar 
from the sugar-cane, which is given in compact form, covering the 
methods generally used, also appearing for the first time in an 
English publication combined with the chemical control of sugar 
houses. This brief treatise is very complete and reliable, cover- 
ing both general and special methods. 

Article No. 31, on the composition of sugar-cane molasses, by 
Dr. C. A. Browne, Jr., chemist of the Louisiana Sugar Experiment 
Station, Audubon Park, New Orleans, La., is a very clever and 
useful treatment of this subject, and the most complete report on 
this subject published in technical form. 

The properties of the sugar in the cane, and methods of anal- 
ysis, are concisely given and in addition the general analytical 
work on sugar estates is included. 

The remarks on the control of the sugar house work are given 
very fully and many valuable suggestions as to the scope of the 
chemist’s work are clearly brought out. 

The concluding chapters refer to analyses and examinations of 
materials used in sugar manufacture and in the sugar house, with 
a collection of useful reference tables, and the properties of the 
carbohydrates completing the volume. 

The edition is a marked improvement over former editions of 
th’s work (which were highly appreciated by sugar house chemists 
and manufacturers) and the author has carefully kept pace with 
the advancements in this line. 

Those desiring a concise and ready reference treatise on the 
manufacture of sugar and the chemical control of sugar houses 
will find this work worthy of careful attention. 

R. E. BLourn. 


JAHRBUCH DES VEREINS DER SPIRITUS-FABRIKANTEN IN DEUTSCHLAND. 
Sechster band, von Dr. G. HEINZELMANN. xiii + 499 pp. Berlin: 
Paul Parey, 1906. 

The annual report of the Society for the Manufacture of Alcohol 
in Germany comes at a very opportune moment. The people of 
this country are much interested at the present time in the sub- 
ject of free alcohol in the arts, and there is a woful lack of techni- 
cal knowledge among our people respecting both the raw mate- 
rials from which alcohol may be made, and the methods of making 
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it. The report is prefaced by a discussion of its chief character- 
istics by the editor, Dr. Delbriick, of the German Brewing School 
of Berlin. The chemical and technical part consists of a discus- 
sion of the improvements in saccharimetric measurements; of 
the determination of sulphur in fuels; of the uses of ether and al- 
cohol mixtures for illumination; the corrosion of metals by de- 
natured alcohol; the ash content of yeasts; the improvement of 
the taste of lager beer distillates; various improvements in ana- 
lytical processes relating to distillation; the manufacture of vine- 
gar; and the manufacture of starch from different substances. 

A special chapter is devoted to the methods of determining 
nitrogen and their application in the estimation of the albumen 
content of barley, the protein content of the harvest of 1905 
and the relations existing between the protein content of barley 
and the general extract thereof. An interesting chapter also is 
that relating to the drying of potatoes for technical purposes. 

The report also contains the Proceedings of the Fifty-fourth 
annual meeting of the Society. Reference is made to the cele- 
bration of Dr. Kiihn’s eightieth birthday, and to the unveiling of 
the Maercker monument. The appendix gives statistics pertain- 
ing to the production of spirits for the year ended September 30, 
1905. 

There is no space here to mention all the interesting topics 
in this volume. It is to be commended to all those chemists 
who are taking particular interest in the problem of denatured 
alcohol in the arts and allied problems. 

H. W. WILeEy. 
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